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orced plastics applications 
get a lift from new method 


for controlling resin cure... 














EPON’ 828... from TOP to BOTTOM, 


the recognized performance standard for liquid epoxies 


Ever since its introduction a decade ago, 
Shell Epon 828 has set the pace as a uni- 
form thermosetting plastic with a remark- 
ably wide range of applications . . . from 
high-flying missiles to underground glass 
fiber pipe and pipe coatings. No other 
resin polymer combines such outstanding 
uniformity with so many other desirable 
properties. 

A pourable liquid at room temperature, 
Epon 828 is a 100 per cent reactive resin 
that gives unexcelled performance in wet 


lay-up laminating of glass fiber, in potting 
and encapsulating electronic components, 
in casting, and in surface coating. In ad- 
hesive formulations, Epon 828 makes 
extremely strong bonds with metal, wood, 
glass, and many plastics . . . stronger often 
than welds or rivets. 

Epon 828 is used in the manufacture of 
many products, new and old, such as 
boats, tools and dies, aircraft, commercial 
adhesives, and viny! stabilizers. It is a 
principal ingredient in surface coating 


Epon puts the power in plastics 


SHELL CHEMICAL CORPORATION 


PLASTICS AND RESINS DIVISION 


Central District 
6054 West Touhy Avenue 
Chicago 48, illinois 


East Central District 

1578 Union Commerce Bidg. 
Cleveland |4, Ohio 

IN CANADA; Chemical Division, Sh 


ited, Toronto 


formulations that give films of almost un- 
paralleled resistance to abrasion, impact 
and the attack of solvents, alkalis, and 
acids. A new and fast-growing use is 
in industrial floor surfacing compounds. 
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The unequalled uniformity of Epon 828 
assures formulators of this wide range of 
applications. Only Shell Chemical offers 
you a complete line of epoxies. Write to 
your nearest Shell Chemical district office. 


Western District 
10642 Downey Avenue 
Downey, California 
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GDC, as a major supplier, offers a wide range 
of quality pigments of high tinctorial strength which 
produce vivid, lightfast colors that add 
extra sales appeal to your plastics, paints, and inks. 
The newest in phthalocyanines, vats and azoic pigments 
coupled with the variety of forms available—flushed pigments, 
water-dispersed powders and pastes, presscakes, toners, 
lakes, etc.—make PIGMENTS BY GDC 
the perfect solution to your color needs. 
Write direct for complete information 
and samples of our premium pigments or call 
the GDC sales office nearest you. 


From Research, to Reality 


PIGMENT DEPARTMENT 


GENERAL DYESTUFF COMPANY 


GENERAL ANILINE & FILM CORPORATION 
435 HUDSON STREET + NEW YORK 14, NEW YORK 











Changing the density? 
Changing the resin? 


Changing the 
product?... 
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Hartig 34%,” Extruder 
L/D Ratio, 21:1 
Effective Screw Length: 732” 
Nominal Capacity: 200-250 Ibs./hr. 
Barrel Heat: 13 bands, 2500 W ea. 
Control Zones: barrel 3, die 1 
Temperature Controls: 4 (proportioning) 
Thrust Bearing Capacity: 221,900 Ibs. 
Floor Dimensions: 111” x 70” (belt drive) 
Weight (approx.): 5000 Ibs. 

Motor Drive ‘belt): 25-40 hp. 





Send foe your cyoy 
of the new illustrated booklet 
describing the line of Hartig 
Extruders and Matched Aux- 
iliary Equipment. 
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RTIG 


EXTRUDERS 


Each Hartig extruder has been designed 
to do a specific job — at maximum effi- 
ciency. It has also been designed so that 
a new job setup can be handled at equal 
efficiency with only minor modifications. 


Motor, drive, base, barrel and controls 
need not be changed. Screws suitable for 
processing the various new materials 
are readily interchangeable. Quick open- 
ing clamp type head, a Hartig first, 
makes die change fast and easy. 


When you buy a Hartig extruder, you 
can be sure of the highest production 
rate for each job—for years to come. Let 
us show you the facts and figures. 
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Division of Midland-Ross Corporation 
oe MOUNTAINSIDE, NEW JERSEY 
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PROGRESS REPORT numser 4 








R.W.Robinson, Chicago (Western Division) P.R. Alasso, Chicago (Western Division) 





W.J.A.Connor, Asst. toV.P.—Polypropylene C. E. Waggner, Chicago (Western Division) 





MEET ENJAY’S POLYPROPYLENE 
SALES-SERVICE TEAM! 




























J. R. Eagle, New York (Eastern Division) R. J. Munns, New York (Eastern Division) J. P. Stoddart, Akron (Eastern Division) J. A. Mazmanian, Boston (Eastern Division) 
These Enjay Experts are ready to serve the plastics industry! 
Enjay’s new Polypropylene Sales-Service Team is ready to help you produce FOR FURTHER INFORMATION.. 


write or telephone your nearest 


better, more profitable products with this versatile plastic. These are the Enjay 
Enjay office. 


men that will be calling on you to tell you how the Enjay Company and all its 
facilities can help you with your problems on applications for Polypropylene. 
Headed by Walter J. A. Connor, they and more to come will work out of Enjay’s 
strategically located offices throughout the U.S.A., and will be able to serve 
all plastics markets. 

The entire Enjay organization and its facilities will stand behind this team, in 
order to help Enjay Plastics customers. The new Plastics Wing at the Enjay 
Laboratories in Linden, New Jersey, will provide complete technical service. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC. 
15 West 51st Street, New York 19, N.Y. PLASTICS 
Akron « Boston ¢ Charlotte * Chicago *« Detroit * Los Angeles * New Orleans * Tulsa 
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You'll get a better product tomorrow ly 


Every phenolic compound we formulate is proved in our Development Laboratories. It is molded 
on our most advanced equipment to determine how you can achieve optimum performance. 
Typical tests conducted are those for physical properties, chemical and electrical characteristics, 


molding and curing behavior. 
But this is only part of the testing carried out in the laboratory and in the field. It pays off, as 


proved by Baxe.rre Brand BMM 7001 and BMM 7002—two new general purpose phenolics 


you'll want to know more about. 

BMM 7001 was developed for use in cold powder automatic molding where mold and flash 
release are important. It is practically free of dust and fines. BMM 7002 is ideal for plunger 
molding when you want fast plunger travel and cure. Both materials are available in black and 


brown. 


Bringing you the newest and best in molding materials is our 
business, That’s why our 49 years of experience are backed by 


the most modern and complete technical facilities available. 

Find out how valuable this policy can be to you. Talk to your U a | | re) | 
Union Carbide Plastics Company representative. Or write Dept. 

JS-03G, Union Carbide Plastics Company, Division of Union CARB | ie) = 
Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. 


In Canada: Union Carbide Canada Limited, Toronto 7. 


Bakewrre and Unrton Cansipe are registered trade-marks of UCC. 


This 150-ton, self-contained, auto- 
matic press is equipped for both 
compression and plunger molding 
... typical of the laboratory equip- 
ment used in the evaluation of phe- 
nolic materials. 


This intricate, two-piece molding 
demonstrates the excellent perform- 
ance of new BMM 7002 in produc- 
tion. Thin louvres, thick sections, 
intricate details . . . requirements the 
material could meet as proved by 
Development Lab tests before pro- 
duction. (“Magnajector” projects 
drawings, pictures and printing. 
Manufactured by Rainbow-Crafts, 
Inc., and molded by Recto Molded 
Products, Cincinnati, Ohio. ) 



































Society of 
Plastics Engineers, Inc. 


An international scientific and edu- 
cational organization of more than 
7,000 individual members devoted to 
the development and dissemination 
of technical information in the fields 
of research, desi development, 
production and utilization of plastics 
materials and products. The Society 
is incorporated under the laws of the 
State of Michigan. 


Executive and Business Offices 
65 Prospect St. 
Stamford, Conn. 


Officers of the Society 


Frederick C. Sutro, Jr., President 

George W. Martin, Ist Vice President 

Jules W. Lindau,!I|, 2nd Vice President 

Frank W. Reynolds, Secretary 

Haiman S. Nathan, Treasurer 

Thomas A. Bissell, Executive Secretary 
* 


All correspondence relative to busi- 
ness matters, meetings of the Society, 
membership, advertising and the 
like, should be addressed to the 
business offices listed above. 


Members should notify the business 
offices at least 30 days in advance of 
contemplated changes in address. 


Membership in the Society is avail- 
able to qualified individuals. In- 
quiries should be addressed to the 
business office. 
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Membership in the Society is ex- 
tended to individuals who by pre- 
vious training or experience or by 
present occupation qualify them to 
carry out the objective of the 
Society. The privileges of member- 
ship are designed to enhance the 
professional standing of the indi- 
vidual member by encouraging 
participation in scientific and tech- 
nical programs and professional ac- 
tivities; by developing close personal 
contacts and acquaintanceship among 
members; and by providing an op- 
portunity to administer the local and 
national activities of the Society. 


Neither the Society of Plastics Engi- 
neers, Inc., nor the SPE Journal is 
responsible for the views expressed 
by individual contributors either in 
articles accepted for publication in 
the Journal or in technical papers 
presented at meetings of the Society. 


The Society of Plastics 


COVER 


Use of plastic resins in boat manufacturing continues to grow. 
The article on page 867 describes a method for controlling cure 
of polyester resins which will help reduce losses of the expensive 
resin caused by overcure. Cover shows reinforced plastic boats in 
the making. 


SPECIAL FEATURES 
News Report from the Cleveland RETEC 
Jesse H. Day, Ohio University 
News roundup on developments in vinyl! resins—their 
uses and their potenial __- : Mh 
Plastics Research in Poland 
Jerome Formo, Minneapolis Honeywell Regulator Co. 
Poland’s Plastic Research Institute is placing heavy em- 
phasis on controlling impurities in the manufacture of 
polyethylene and polystyrene _- 


TECHNICAL ARTICLES 


An Easy Way to Control Polyester Resin Cure 
James M. Smith, American Oil Co., and Robert B. Bennett, University of Florida 
Optimum and controlled cure of polyester resins can be 
obtained by means of two types of graphs. This article 
gives a method for ——- the data for constructing 


these graphs __________ aioe Peipicabe 


A Unique Modifier for Epoxy Resins 
H. D. Barnstorff, H. D. Cummings, J. A. Cannon, and A. Y. Coran, Monsanto 
Chemical Co. 
Tripheny! phosphite enters the polymer molecule via a 
transesterification reaction and becomes assented 
bound in the molecule _________ aw Oe 


Refractive Index Method for Determining hens Rotes of Epoxy Resins 
Hans Dannenberg, Shell Development Co. 
A new method for testing cure performance of epoxy 
resins and curing agents 875 
Plastic Radomes at Elevated Temperatures. Theory and Practice 
Fred H. Behrens and Cecil W. Gwinn, Wright Air Development Center 
For elevated temperature applications, plastics are vying 
with ceramics. The future will probably see a combina- 
tion of both laced scouitiier cogs SED 
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Engineers Journal 


Interfacial Properties of Polyesters at Glass and Water Surfaces 
Robert R. Stromberg, Wendell M. Lee, and Alan R. Quasius, National Bureau of 
Standards 
An investigation of the fundamental properties of ad- 
hesion applicable to resin-glass fiber systems in rein- 
forced plastics _____- ; 883 


SPE JOURNAL FEATURES 


Speaking of Extrusion—Vacuum Feed Extrusion 

Walt M. Mundy, National Rubber Machinery Co. 

A new approach to solving the problems of entrapped 

air or other gases in the extrudate - 887 
Moldmaking—Molds for Blow Molding 

George E. Pickering, Air Formed Products Corp. 

A look at current process for making blow molds 891 
Reinforced Plastics—Notch Sensitivity of Reinforced Plastics 

E. L. Strauss, The Martin Co. 

Important factors to be considered in designing rein- 

forced plastic structures _..____- 894 
National Action—New Sections Spark SPE Growth 

George W. Martin, SPE National Vice President and Administrator, New Section 

Development Committee 

New section development is a primary force contributing 

to the development of SPE ; 896 


REGIONAL TECHNICAL CONFERENCE 

Golden Gate RETEC—Plastics in Packaging, November 19, 1959 
Plastic containers, cook-in pouches, military packaging, 
polyethylene paperboard coatings—just some of the sub- 
jects to be covered at the Golden Gate RETEC 899 

Baltimore-Washington RETEC—Stability of Plastics, December 1, 1959 
Program will cover current concepts of mechanism gov- 
erning natural and synthetic polymer stability and de- 





gradation __ ; 897 
DEPARTMENTS 
Editor’s Notebook 847 
Technical Meetings Calendar 901 
Section News _ 906 
About Members - 904 
Plastics Around the World 898 
Book Reviews 903 
Employment and Service Guide 907 
Advertiser's Index 908 
NEXT MONTH 


Extrusion—Extruder scale-up theory—calculations to help you 
scale up from laboratory equipment. 


Plastics in Steel—A look at how plastics are helping steel 
producers. 


Low Pressure Injection Molding—A process with interesting pro- 
duction possibilities. 
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News about 


B.EGoodrich Chemical =: 


Valves by Jamesbury Corp., Worcester, Mass. Geon rigid vinyl parts molded by Mannesman-Easton 

Plastic Products, Inc., Easton, Pa. Valves in sizes from 1/2” to 4’, shown in large 

photograph, are rated at 150 psi to 100 F.. and at 50 psi to 130 F. They can be remote operated. 
B.F-Goodrich Chemical Company supplies the Geon rigid vinyl material only. |. eee 








New ball valve of Geon helps 
piping systems fight corrosion 


Thousands of test cycles with this 
new valve made from Geon rigid 
vinyl have proved the effectiveness 
of its seal, either at full pressure or 
vacuum. Since it is made entirely of 
Geon except for seats and seals, it 
offers pipe users another weapon for 
the battle against corrosion. Geon 
offers superior resistance to oils, 
acids, alkalies and most chemicals. 
In addition, rigid Geon weighs 
less than metal. Shipping wei hts 
are lower, installation is easier. 
valves can be obtained with tioned 
ed ends, weld ends, or flanges. They 
are self-compensating for chenene | in 


B.EGoodrich 


pressure or temperature. There is no 
roblem of galling or seizure. No 
ubrication is needed. 

Geon offers remarkably varied op- 
portunities for products that open 
new markets or improve present 
applications. In rigid form it is bein 

for pipe, window frames an 
ductwork . . . in other forms for 
weatherstrip, wall coverings, foam 
products, or coatings for metal, paper 
or textiles. One member of the Geon 
family can surely help you make a 
better product. Write for informa- 
tion to Dept. Ay-+, B.F.Goodrich 
Chemical Dace, 3135 Euclid 


Avenue, Cleveland 15, Ohio. Cable 
address: Goodchemco. In Canada: 
Kitchener, Ontario. 


— 
i a 


nn, 


4 Polywunyl, Vales tik) 


oi = 7. oor 


B.F.Goodrich Chemical Company 
a division of The B.F.Geodrich C 
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GEON polyviny! materiais « HYCAR rubber and latex 


GOOD-RITE chemicals and piasticizers ¢« HARMON colors 


SPE JOURNAL, OCTOBER, 1959 





see Hw Ao 9 OC tha oo’ Oo WwW 








Packaging Notes 


Lightweight polyethyiene-coated corru- 
gated containers are being used to ship 
heavy electric typewriters. 

Polyethylene was found to be the only 
material that did not damage the finish 
of the typewriters. A _ polyethylene- 
coated corrugated insert fits over the 
typewriter inside the container. This 
liner prevents damage to the type- 
writer, even if the box is overturned. 
The box cuts costs 30 percent, and vol- 
ume 40 percent. Stacking strength is 
increased 40 percent. 





A semi-rigid polyethylene bag inside a 
corrugated box is being used to pack- 
age a liquid industrial deodorant. The 
containers, in quart and gallon sizes, 
pour easily and are convenient to 
handle. 

This method of packaging reportedly 
eliminates the problems of freezing and 
bottle breakage and requires no deposit 
or return. The new containers require 
less transportation and storage space 
than glass or metal ones, providing 
lower handling costs. 





Courtesy Canton Containers Inc. 


In an unusually large packaging job, a 
locomotive was wrapped in a polyethyl- 
ene film cover for export shipping. The 
cover was specially made to protect the 
locomotive from dirt, dust, and water 
spray during overseas shipment. 





A new sealing machine for polyethylene 
bags reportedly provides substantial 
savings in packaging costs. The machine 
features an automatic sealing and cut- 
off device designed to save up to an inch 
of film length per bag. It eliminates 
conventional tabs and is claimed to save 
up to 15 percent in material costs. 





Strong, flexible bags with many prop- 
erties comparable to metal cans are 
being produced to package foods. These 
bags are made of aluminum foil lami- 
nated on both sides with polyethylene 
film, and coated on the outside with 
cellophane. They are impermeable to 
gas and moisture. The bags will heat 
seal, have high impact strength, and 
will stretch up to 28% (in machine di- 
rection) before rupture. They may be 
used for vacuum packaging, dehydrated 
food packaging, liquid food packaging. 
The packages can be boiled. 








Growing Market for Polyethylene Film 
Seen in New Construction Applications 


Film Makes Ideal Moisture Barrier for House and Highway Construction 


A burgeoning market for heavy polyethylene film is developing out of 
new uses for the film in the construction industry. Three properties of 
polyethylene film have been chiefly responsible for its popularity with 
builders. It is an excellent moisture barrier. It is light-weight, yet strong. 


It is inexpensive. 





on freshly laid concrete after a film of water is 
sprayed over entire area. Boards are placed over 
the joints and edges and left in place for at least 
36 hours. Sheeting can be re-used for this 
purpose, or used as waterproofing under next 
slab in multi-dwelling construction. 





Unsupported Polyethylene 
“Bubble” Houses Chickens 


An air supported plastic shelter, used 
as a low-cost house for poultry research, 
has been built at a leading agricultural 
university. 

No inside supports are used for the 
10 by 20 foot shelter built with 4 mil 
polyethylene film. A one eighth HP 
motor keeps the quonset shaped shelter 
inflated. It is estimated the building 
will endure 60 mph winds and support 
a foot of snow. The success of the shel- 
ter suggests its use in meeting tempo- 
rarily expanded farm storage and poul- 
try shelter needs. 





U.S.1. To Co-Sponsor 
Museum Packaging Show 


U.S.I. will co-sponsor an international 
packaging show at the New York Mu- 
seum of Modern Art from Sept. 9 to 
Nov. 9. Several hundred commercial 
and industrial packages selected from 
ten countries will be presented. They 
will range from wrapping materials to 
a 370 cubic foot container. 

The exhibition is intended to re-ex- 
amine and broaden the concept of pack- 
aging in relation to the great variety 
of products produced today. Outstand- 
ing examples of graphic and industrial 
designs will be shown with emphasis on 
imaginative use of new and old materi- 
als. Experimental and industrial pack- 
aging seldom seen by the public will 
also be exhibited along with well-known 
commercial applications. 





Construction men are using poly- 
ethylene film as a moisture barrier un- 
der foundation slabs and concrete high- 
way sections, between interior and 
exterior walls, and as a lining for crawl 
spaces. On one recent construction job, 
70,000 square feet of 4 mil clear film 
was used under a concrete slab. Instal- 
lation was facilitated by the light 
weight of the film—less than 20 
cong per thousand square feet. In 

ouse and highway construction, the 
same film used under concrete as a bar- 
rier, is frequently reused after first 
serving as a cover over other concrete. 

On large construction jobs, poly- 
ethylene film has proved invaluable as 
an inexpensive covering for open, un- 
finished work. The film permits solar 
heat and light to enter, keeps out wind 
and dirt. 

In house construction, film is being 
used for window and door flashing and 
as an under layer for shingle roofs. 
Film is being laid under shower stalls 
and in other parts of the house where 
moisture and water seepage is a 
problem. 

The future of polyethylene in the 
building industry continues to be 
brightened by new applications. For ex- 
ample, “bubble houses” held up by air 
pressure show promise as economical 
shelters for construction work or for 
temporary storage. Polyethylene-coated 
plywood concrete forms that are self 
releasing have been suggested. New 
uses such as these promise to continue 
the spectacular growth which poly- 
ethylene has shown over the past few 
years. 


New Slitter Is Faster, 
Reduces Trim Losses 


A compact new machine is reported to 
shorten slitting time for polyethylene 
film and to reduce trim losses. 

It normally takes 45 minutes to cut 
a 10,000 ft. roll of film, using a conven- 
tional slitter and winder. The new ma- 
chine is reported to cut the same length 
of film—on the roll —in five minutes. 

When the film is slit on the extruder, 
three to four inches of selvage material 
is usually lost. The new machine re- 
duces wasted selvage to as little as 4g of 
an inch. The new slitter eliminates the 
problem of fusing at the edge of the 
roll. The machine is said to cut film in 
gauges from po to 10 mil, in any width 
up to 72 inches. 



















































POLYETHYLENE 
PROCESSING TIPS 


Vol. IV, No. 5 


IMPROVING EXTRUDER EFFICIENCY 
WITH PRESSURE GAUGE 


Failure to determine the proper schedule for 
breaker plate and screen pack maintenance can 
be costly to polyethylene extruders. It can result 
in losses in production time and deterioration in 
the quality of the extruded product. 

Changing a screen pack when it is not contam- 
inated is an unnecessary waste of valuable pro- 
duction time. On the other hand, allowing the 
screen to become excessively contaminated poses 
serious production problems. The increased pres- 
sures that develop and the longer exposure of the 
polymer to heat can cause degradation and oxi- 
dation of the polyethylene. These undesirable 
changes in the resin’s physical properties show 
up in off-quality end products. Excessive pres- 
sure, too, may damage the extrusion equipment. 

Pressure Gauge Guides Operator 
These difficulties can be reduced by installing a 
pressure gauge in the extruder cylinder wall be- 
tween the screw and the breaker plate, as shown 
in the drawing, Fig. 1. The gauge continuously 
monitors breaker plate condition and indicates 
to the operator when it is time for screen pack 


GREASE FITTING 


AWHILE 


x [Tf 


Fig. 1. Diagram of installation of pressure govge on an extruder 








As the accompanying chart, Fig. 2, shows, pres- 


ture, and screw speed as well. In practice, the 
operator first determines operating conditions 
and screen pack arrangements that produce the 
best results with a given product, using the pres- 
sure gauge as an aid in such preliminary runs. 








”NGREASED SCREEN PLUGGING ————> 
Fig. 2. Cylinder pressure increases with increasing screen plugging 


Once operating conditions are established, 
pressure can be correlated with contamination in 
the screen pack and breaker plate by experience. 
The build-up of pressure beyond a given point is 
the signal that the screen pack needs changing. 


How Gauge Operates 
The bleeder-type bourdon tube gauge is the pres- 
sure-measuring device most commonly used in 
the extrusion industry. The gauge can be in- 
stalled on the top or bottom or at any angle on 
the cylinder. The tube running from the gauge 
to the cylinder is filled with silicone grease intro- 
duced through a grease fitting. 
Gauge Maintenance 

The tube, or stem, must be kept filled with sili- 
cone grease, or else polyethylene resin will be 
forced into it from the cylinder. If this happens, 
the resin will solidify, causing inaccurate pressure 
readings on the gauge. Applying grease through 
the fitting once every 24 hours of extruder opera- 
tion should be sufficient. It is best to add the 
grease between production runs so that the small 
amount forced inte the resin can be easily purged. 

If the stem becomes plugged with resin, it can 
be cleaned quickly. The operator simply removes 
the stem, heats it, and purges it of resin by forcing 
silicone grease through it. 


Technical Assistance from U.S.!. 
Most troubles associated with screen pack and 
breaker plate maintenance should disappear with 
the installation of a pressure gauge. But if you 
have special problems, ask U.S.I. for technical 
assistance. Our technical service engineers will 
be glad to work with you in solving them. 


CHEMICALS CO. 
of National Distillers and Chemical Corp. 
ta) ae 
in principe! cities 
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VINYL 


YARDSTICK FOR 1959 


STABILIZER 6-V-2 


IN ALL FORMULATIONS FOR CALENDERING ¢ EXTRUDING * MOLDING 


Introduces New Controls 


in an Inexpensive Liquid Stabilizer 


U performance variations ARSHAW 


' is H 
due to resin or plasticizer or ager 


filler are minimized... 


f ; Whe ° line. HARSHAW 
VINYL STABILIZER 6-V-2 
storage problems due to Highest mileage 


exposure of stabilizer or in heat and light 
stabilization 


. ar plus the new 
moisture are eliminated... 
regulating effects 


with STABILIZER 6-V-2 are yours 


at no extra cost 


compound to oxidation or 


Chicago « Cincinnati « Cleveland « Detroit 


The Harshaw Chemical Company ee et ae 


1945 E. 97th Street - Cleveland 6, Ohio Los Angeles + Philadelphia + Pittsburgh 
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OXO ALCOHOLS 


To make vinyl for space-saving doors 


Enjay Oxo Alcohols are a vital ingredient in plasticizers for the viny] 
material used for space-saving folding doors and room dividers. Vinyl 
made with high quality petrochemicals is wrinkle-proof . . . provides 
years of service without cracking. Enjay Isooctyl, Decyl and Tridecy] 
Alcohols meet every requirement of high-grade plasticizers. They are 
uniformly high in quality and purity. Ask the manufacturers who 
insist on them. And insist on Enjay Oxo Alcohols yourself. 

EXCITING NEW PRODUCTS FROM PETRO-CHEMISTRY 


ENJAY COMPANY, INC. 
15 West 51st Street, New York 19, N. Y. 
Akron « Boston + Charlotte + Chicago + Detroit » Los Angeles « New Orleans « Tulsa 


Enjay serves industry with a com- 
plete line of petrochemicals. Prompt 
deliveries are made from conven- 
tently located distribution points. 


XN 


PETROCHEMICALS 
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Plastics International 


We are sitting in our office and the phone rings. It’s an 
SPE member just returned from Moscow. He’s calling to 
offer a written report on plastics research in Russia. Another 
member, and Past President of the Society, Jerome Formo, 
recently returned from Poland where he observed the latest 
advances in Polish plastics research. Report of his visit, in- 
cidentally, is on page 858 of this issue. Still another mem- 
ber and officer of SPE, Jules Lindau, III, Second Vice 
President, recently returned from visiting plastics plants 
in France and England. And, about the time you are read- 
ing this editorial, a planeload of SPE members will be 
leaving New York’s Idlewild Airport for the Dusseldorf 
Plastics Exhibition in Dusseldorf, which opens the morning 
of October 17, 1959. Undoubtedly, other SPE members are 
planning to attend the International Plastics Exhibition in 
Oslo, Norway, on May 20-31, 1960. 

All this activity in international travel is significant. It 
points up the keen interest of American plastics engineers 
and scientists in what their counterparts are doing overseas. 
And so far, comment has been to the effect that the caliber 
of the work being done abroad in the plastics field is high. 

While scientific curiosity is enough to justify wanting to 
know what's going on in the other fellow’s laboratory and 
plant, there’s more to it than that. The rapid growth of in- 
dustrial capacity in other countries poses the problem of 
our ability to compete technically and economically in the 
world market place. Too, there is already a well-established 
trend towards the producers and users of plastics products 
“going international”. 

But for companies in the plastics field, why go interna- 
tional at all? A large part of the answer lies with precedence. 
Plastics have always had strong application in consumer 
goods—housewares, toys, and more recently in boats. Today 
in most parts of the world, the people are displaying an 
eagerness for such consumer products. More important, the 
governments of those countries now recognize that such 
consumer items are a necessity and have just turned the 
valve on, so to speak. Completing the picture, there is 
enough prosperity in many foreign countries now to sup- 
port purchases of consumer goods. 

Another reason producing abroad can be wisdom is the 
fact that international status can give a company lower wage 
costs and better tax rates. Just recently, tax aid programs 
have been instituted this year by France, Belgium, Luxem- 
bourg, and Holland. Italy has for some years helped in- 
dustries locate in the underdeveloped Southern section of 
Italy. 

There can be no doubt that the increased travel of our 
technical representatives overseas will result in more com- 
panies, both producers and users, with substantial interna- 
tional interests. 
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XALOY...used for a quarter of a century... worldwide 
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Bimetallic 

extruder cylinders 

...any length 
.<—...any diameter 
<—...any wall thickness 
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Xaloy production and engineering facilities are 
the largest in the world devoted exclusively to 
bimetallic extruder cylinders. Xaloy cylinders are 
designed to increase your output, expand your 
production time, cut your replacement costs and 
reduce your down-time. Xaloy...original equip- 
ment on all leading extruders—and the logical re- 
placement for every extruder. Write for new Xaloy 
Engineering Data Guide. 


INDUSTRIAL 
| RESEARCH 
LABORATORIES 


Division of Honolulu Oil Corp. 
961 East Slauson Ave 
Los Angeles, Calif 











AIRMAN’S “ALLEZ-OOP” SEAT 
and survival kit rely on reinforced moldings! 


How the Air Force Global Survival Kit can store an airman’s 
basic survival needs*—all in approximately one cubic foot of 
space within an aircraft ejection seat—is a lesson in ingenuity. 


And even more interesting: how the survival kit can with- 
stand the sudden shock of a rocket-fired ejection at fighter- 
plane speeds, and the impact of a parachute landing in rough 
terrain is a lesson in the advantages of reinforced polyester 
molding by the Plastics Division of General American Trans- 
portation Corporation. 

Various materials were tried, but lacked the high impact 
strength-to-weight ratio and the necessary resistance to dents, 
corrosion, and fungus growths of the reinforced moldings. 
Also important is the economy of reinforced plastic molding. 
Complex configurations, holes, rounded edges, even color, 


can be molded in the part, reducing the number of costly 
operations. 


Result: Economy, good appearance, durability, and that 
extra margin of safety where a life is at stake! 


Perhaps your product can benefit from the advantages of 
reinforced plastic molding. As a supplier of Dow Styrene 
and Dow Vinyltoluene—basic monomers for the polyester 
resins used in premix, preform, or mat molding—The Dow. 
Chemical Company invites your inquiries. 


*An automatically inflating life raft, two-way radio, knock- 
down rifle, ammunition, sea-anchor, fishing lines and lures, 
rations, water-purification tablets, a water dye marker, and 
an emergency oxygen system. 


THE DOW CHEMICAL COMPANY + MIDLAND, MICHIGAN 


848 


SPE JOURNAL, OCTOBER, 1959 











4%” STERLING EXTRUDER. 21:1 L/D 


2” STERLING EXTRUDER. 21:1 L/D 


STERLING 


Sterling extruders have built their own high reputation through unexcelled performance, un- 
matched production capacity and soundness of design. Universal confidence in Sterling service 
and engineering assistance has greatly contributed to making Sterling a leader in its field. 
Sterling Extruders are available in sizes of 142”, 2”, 242”, 342”, 442” and 6” with L/D ratios of 
15:1, 21:1, 24:1 or 30:1. Also available are completely packaged units and installations for the 
production of tubing, film, sheeting, rods and shapes, and for compounding, coloring and 


laminating from a complete range of thermoplastic materials. For complete details, write today 
directly to Mr. L. D. Yokana, President, Sterling Extruder Corporation, 1112 Baltimore Avenue, 
Linden, New Jersey. WAbash 5-3908. 


SERVICE 


3%” STERLING EXTRUDER. 21:1 L/D 2%” STERLING EXTRUDER. 21:1 L/D 


STERLING EXTRUDERS — “Designed by plastics men for plastics men” 
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Spencer “Poly-Eth” 3812 
Earns Approval of 
Western 
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Here’s why this new Spencer resin for producing 


polyethylene-jacketed wire and cable meets the 
high acceptance standards of Western Electric: 


Polyethylene is ideal as a jacketing 
for wire and cable because of its 
chemical resistance, flexibility, abra- 
sion resistance and resistance to 
fatigue. But one of the most impor- 
tant properties required of a poly- 
ethylene jacketing material is stress- 
crack resistance. 


This newly developed polyethylene 
cable-jacketing resin, called “Poly- 
Eth” 3812, is outstanding in its re- 
sistance to stress cracking. Test 
samples of the new resin have been 
subjected to all known laboratory 
tests for environmental stress crack- 
ing without failure! 


This new resin has earned the high 
honor of having met the acceptance 
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standards of Western Electric—the 
world’s largest communication wire 
and cable producer. 


Produced by a new polymerization 
process designed specifically to 
create a material with superior wire 
and cable jacketing properties. 
“Poly-Eth” 3812 offers “built-in” 
stress-crack resistance. 


“Poly-Eth” 3812 is based on a .918 
density material of high molecular 
weight, and combines the outstand- 
ing stress-crack resistance with ex- 
cellent processability. Also, it shows 
the kind of carbon black dispersion 
and resistance to aging which are 
essential to this type of material. 













ETHYLENE 


JACKET 





If you would like to know more 
about the use of “Poly-Eth” 3812 
for jacketing signal cables, telephone 
cables, power cables, weather-proof 
line wire, etc., contact your Spencer 
Sales Representative. Or write direct 
to Plastics Division, Spencer Chem- 
ical Co., Dwight Building, Kansas 
City 5, Mo. 








SPENCER CHEMICAL COMPANY 
Dwight Bidg., Kansas City 5, Mo. 
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Birds of a feather go together. ..and so do high 
quality and technical service when you buy 
Witco-Continental carbon blacks. You’l! get 
top results every time. There’s a Witcoblak* 


exactly right for your plastics application. 
Economical, too! Witco Chemical Company, Inc. 
Continental Carbon Company 
122 East 42nd Street, New York 17, N.Y. 


Chicago - Boston - Akron - Atlanta - Houston - Los Angeles - San Francisco - Londo 





for every 
possible type 
of vinyl 
application 








A wide range of OPALON VINYL resins and compounds have been perfected by Monsanto to meet the 

specific needs of molders of appliance parts, housings, toys, phonograph records, rain-wear . . . extruders 

of wire and cable insulation, garden hose . . . calenderers and extruders of vinyl film and sheeting . . . manu- Mi 

facturers of floor tile . . . coaters of textile and paper for upholstery and wall coverings ... and compounders OnSd nto 
of plastisols for metal coating, slush-molding, foaming, and dipping. Specify OPALON vinyl—and profit 

from Monsanto research, experience, and productive capacity. Monsanto Chemical Company, Plastics 

Division, Springfield 2, Massachusetts. cevenin e e 
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Farrel 4%” Inductomatic® extruder 


INDUCTION-HEATED EXTRUDERS 


i for precise temperature control 


Farrel’s line of extruding machines for the plastics 
industry has been expanded to include small Inducto- 
matic extruders in a range of sizes from 242" to 6". These 
are used for the extrusion of thermoplastic products 
such as tubing, clothesline, pipe, hose, gaskets, wire 
coating, blown or flat film, sheet, compounding, etc. 

Extrusions produced on a Farrel Inductomatic are of 
consistently high quality thanks to precise heat control. 
The induction-heating element is air-cooled . . . individ- 
ual coils are equipped with a pair of blowers as well as 
cooling ducts. A single automatic pyrometer controls 
both heating and cooling. 

Faster heat-ups and changeovers mean higher produc- 
tion rates. Designed for maintenance immunity, these 
machines incorporate lifetime silicone inductors and 
thrust bearings with long life expectancy. 

Farrel induction-heated extruders are available with 
optional design features and many accessories for making 
up “package-unit” extrusion lines. Send for full details. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONNECTICUT 
Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y. 
Sales Offices: Ansonia, Buffalo, Akron, Chicago, Ann Arbor (Mich.), 
Los Angeies, Houston, Atlanta 


FARREL 


FB-1177 
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8'2"" UNDERWATER PELLETIZING EXTRUDER 


Among the wide variety of large processing 
extruders built by Farrel to individual require- 
ments is this cold-feed machine. It was designed 
to rework cold granular polyethylene with 
antioxidants and, with or without coloring mat- 
ter, force the material through a straining 
screen, and pelletize it in an underwater head 
at a rate of 1600 pounds per hour. 














Special News Report 


The Cleveland RETEC 


Jesse H. Day, Ohio University 


The great versatility of the vinyl resins and the tre- 
mendous scope and variety of their uses was clearly 
demonstrated by the range of papers presented at the 
Cleveland Retec on Vinyls, held October 7th at the 
Cleveland Engineering Center. 

Blow extrusion of PVC film and sheet, casting of 
vinyl film, rigid vinyl sheet, PVC solutions for coatings 
and plastisol and fluidized bed vinyl metal coatings 
provided the subject matter for six papers presented 
during the day. 


Fluidized Coatings 
Large metal parts of irregular shape can be vinyl coated 


—_ the Fluidized Bed technique. Fully compounded 
vinyl material, finely ground, is air-levitated in a container 
with a porous bottom. The fluidized powder has the ap- 
“sanene pe of a boiling liquid. The metal to be coated is 

eated above the fusion temperature of the vinyl and then 
immersed for a few seconds in the fluidized powdered vinyl. 
The powder fuses to the surface of the metal and provides a 
continuous coating. Thin metal pieces may require a short 
postheat to provide a high gloss. 

The fluidized bed process was described by J. R. Russell 
of Steere Enterprises. He added that the method was par- 
ticularly useful when the part cannot be coated well by 
plastisol dipping due to dripping or air entrapment. Ex- 
panded metal grille work can easily be coated by this 
method, and has the advantage of covering equally well 


any protruding sharp edges. 
Vinyls Fight Corrosion 


Industry's five and a half billion dollar annual loss to 
corrosion is being fought effectively with vinyl and modified 
vinyl coatings, according to C. W. Wright of the Glidden 
company. Formulations and methods of application depend 
on the particular corrosion problem. Where severe chemical 
resistance is needed straight vinyl coatings are used, using 
a primer coat to give the vinyl film firm adhesion. Wright 
quoted Joseph Bigos of U. S. Steel on the fact that vinyl 
painting of galvanized steel is greatly effective in thin films 
if some zine is incorporated. 

The great variety of uses for vinyl protective and decora- 
tive coatings is illustrated by its use in metal food and 
drink containers, paper coatings, fabric coatings and in- 
dustrial protective paints. Maximum protection is achieved 
with straight vinyl, but poor metal adhesion requires a 
primer. Vinyl modified alkyds are used for one layer ap- 
plication, and plasticizers and stabilizers improve weather 
resistance, flexibility and heat stability. 

Cost factors can be adjusted by judicious planning; 
straight vinyl requires expensive solvents, but alkyd modi- 
fied vinyls can use solvents costing less than a third as much. 

Mr. Wright added that the number of coating formula- 
tions is so great that the consultation and understanding of 
the paint formulator is needed to assure the best results. 


Blow Extrusion of PVC 

Blow extrusion of PVC film and sheet is usually compli- 
cated by the fact that the end-use properties needed dictate 
the use of plasticizers, stabilizers, and lubricants which are 
often not the materials best suited to make the extrusion 
process work easily and well. Philip H. Rhodes of Philip H. 
Rhodes Associates pointed out that the selection of formu- 
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lations to meet customer needs while providing optimum 
extrusion compounds is a major problem. 

Two of the biggest factors in film production cost are 
down-time for clean-up, and production wasted. The latter 
can be minimized by running the greatest film width pos- 
sible, and slitting to smaller widths in a secondary opera- 
tion, but the economic problems of downtime, together with 
the practical problem of getting a smoothly running process, 
depend heavily on die design. Dies must be designed to 
provide minimum variation in film thickness, and close tem- 
perature control combined with avoidance of places where 
plastic can lodge to begin decomposition or burning. The 
complete solution to the die problem is yet to be found. 


Coming: Blow Molded PVC Containers 

Tremendous potential uses for vinyl products made by 
blow molding are being overlooked by industry, accordin 
to Don. M. Taylor, consultant. Although such items as viny 
bottles are in common use in Europe, they are not made 
here. Suggested reasons for this are naive ratings of vinyl 
properties such as poor impact strength and eahely 
high gas permeabilities. Mr. Taylor pointed out that similar 
problems are inherent in other materials used for bottles 
but that they have been overcome by development of liner 
coatings. Vinyls provide solution coatings which have ex- 
cellent adherence to the prime vinyl container and provide 
permeability values unmatched by other thermoplastics. 

Development of blow molding techniques for the vinyls 
will find potential markets of 125 million pounds for con- 
tainers each year, with similarly large outlets for such items 
as doll parts, footwear, detergent containers, chemical con- 
tainers, and bottles of many kinds. 


Environmental Tests—On a Mill 

Heat stability tests on vinyl compounds for rigid sheet 
are more reliably run on a laboratory mill than by the usual 
oven tests. Seiberling milled compounds on a small labora- 
tory mill at 370°F—or 320°F for copolymer—and took 
samples at five minute intervals until discoloration. Formu- 
lations showing no appreciable discoloration after 30 min- 
utes prove satisfactory in production. Since processing of 
rigid vinyl must be done at temperatures near the decom- 
position point, mixing is best done in a Banbury to avoid 
the high heat build up during the long time required to 
mix on the mill. Because stock temperature approaches 
400°F in the nip of the rolls, calendaring should be done 
on a calendar with the fewest number of rolls. 

Expanding markets for rigid vinyl are due to continued 
improvements in material and in the skill of experience. The 
compounder has three general types of resin to fulfill a 
variety of property needs; the pure vinyl and vinyl which 
incorporates acrylic, chlorinated polyethylene or ABS for 
high impact strength. Both are outstanding in resistance to 
acids and bases, hence their use in duct work, plating 
tanks and pipe fittings. A third resin is the copolymer of 
vinyl chloride with vinyl acetate which is easily heat formed 
and readily aceepts printing inks, for use in skin packaging, 
luggage and light fixtures. 

Sheet extrusion of rigid vinyl is a comer, but most sheet 
forming is presently done by calendaring. Calendaring is 
limited to sheet thickness of about 0.035 inch and thicker 
sheets are made by lamination. 


Cast Vinyl Films 

The largest potential use for cast vinyl films will prob- 
ably be for coated steel sheet. Aside from this, there are no 
large new markets in sight, according to D. S. Threlkeld of 
the Clopay Corp. Present uses include laminates to woven 
fabrics for adhesive bandage, adhesive tapes, baby pants 
and automobile seat covers, and coatings on paper for table 
tops, luggage and box covers. 


SPE JOURNAL, OCTOBER, 1959 





VINYL and FINISHING 
RETEC BOOKS 
JOIN SPE PUBLICATIONS 


Announcing 


Vinyl Plastics—Cleveland Section, 7 papers. $2.50, mem- 
bers; $3.75, non-members. (See program, SPE Journal, 
August, 1959 issue, p. 745). 

Plastics Finishing—Buffalo Section, 4 papers, $2.00, mem- 
bers; $3.00, non-members. (See program, SPE Journal, 
September, 1959 issue, p. 823). 


Other 1959 RETEC Preprint Books 


* Encapsulation, Printed Circuits, and Fluidized Bed Pro- 
cesses—Northern Indiana Section, 15 of 23 papers presented. 
$3.00, members; $4.50, non-members. (See program SPE 
Journal, April, 1959, p. 319). 

* Plastics in the Automotive Industry—Detroit Section, 
4 papers, $2.00, members; $3.00 non-members. (See pro- 
gram SPE Journal, May, 1959, p. 443). 

* A Designer’s Look at Reinforced Plastics from the Pleas- 
ure Boat, Aircraft and Missile Industries Viewpoint—North 
Texas Section, 6 papers. $2.00, members; $3.00, non-mem- 
bers. (See program SPE Journal, April, 1959, p. 324). 

*% Plastics in the Metals Industries—Pittsburgh Section, 10 
papers. $3.00, members; $4.50, non-members. (See program 
SPE Journal, April, 1959, p. 324). 


SPE PLASTICS ENGINEERING SERIES 


Vol. Il—Processing of Thermoplastic Materials, 705 pages. 
$14.40, members; $18.00, non-members. 


Vol. I—Quality Control for Plastics Engineers. $3.98, mem- 
bers; $4.95, non-members. 


ANTEC PREPRINT BOOKS 


Vol. V, 1959, New York City, 96 papers. $7.50, members; 
$12.50, non-members. Single preprints of individual papers, 
Vol. V, while they last, $0.25 each, members; $0.40 each, 
non-members. 
Vol. IV, 1958, Detroit, 94 papers. $5.00, members; $7.50, 
non-members. 
Vol. III, 1957, St. Louis, 60 papers. $5.00, members; $7.50, 
non-members. 

SPI individual members are entitled to SPE members’ 
prices under a reciprocal agreement. 


Books will be mailed postpaid if money is enclosed. 
Please address orders to: 


Society of Plastics Engineers, Inc. 
65 Prospect Street 
Stamford, Conn. 
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STERLCO... 





A SINGLE ZONE 
HIGH TEMPERATURE 
CONTROL 


UNIT 


®accurate 
®automatic 
®versatile 


ecompact Model 6016 Single Zone 


Circulating Unit. 


All of the features of this new STERLCO unit are 
designed to give the most efficient and) economic 
high temperature control possible . . . yet compact 
enough to be completely portable so that it may 
be set into immediate use anywhere. This unit pro- 
vides exacting control of temperature automati- 
cally at any desired pre-set temperature from 100° 
to 550° F (the current limitation of available heat 
transfer fluids). If cooling is required, either man- 
val or automatic cooling controls can be provided. 
STERLCO units are completely self-contained and, 
by simply connecting to an electrical source and 
setting up, they will operate continuously without 
supervision. Several units may be assembled on a 
single base to provide a range of separately con- 
trolled heat zones, if desired. 


The New Model 6007 Dual 
Zone Circulating Unit is also a 
compact, portable, oil circulating 
unit containing fwo completely 
separate systems for the mainte- 
nance of independent tempera- 
tures simultaneously. 


Send for Bulletin 557 


EXPORT: Omni Products Corporation, 
460 Fourth Ave., New York 16, N. Y. 


INDUSTRIAL CONTROL DIVISION 


STERLING, INC. 


FOR EVERY SPECIFIC OR UNUSUAL TEMPERATURE CONTROL JOB 














You're on safe footing when you get your facts 
on vinyls from Argus. No guesswork. No 
gamble. If Argus doesn’t have the answers, it 
gets them cat-quick! 

Through continuous, creative research over 
the years, Argus has become the source for 
up-to-the-minute information and advice about 
vinyl stabilizers and plasticizers. Its Mark and 
Drapex products are making vinyls more 
saleable and more profitable all the time— 
and are constantly setting new standards for 


ARGUS: SURE-FOOTED VINYL PIONEER! 


the vinyl industry. 

For example—Argus Mark LL gives more 
heat and light stability, at less cost, than any 
other stabilizer on the market. 

(The preferred stabilizer choice for vinyl 
pipe, by the way, is a Mark WS and Mark C 
combination. ) 

Why take chances? To be sure of the right 
answers, and of consistently high quality, 
simply check with Argus! Call or write for 
consultation, technical bulletins, samples. 


ARGUS CHEMICAL. 


CORPORATION New York and Cleveland 


Main Office: 633 Court Street, Brooklyn 31, N.Y. Branch: Frederick Building, Cleveland 15, Ohio 


11911 Woodruff Ave., Downey, California; Philipp Bros. Chemicals, Inc., 10 High St., Boston; H. L. Blachford, Ltd., 977 Aqueduct St., Montreal. 
NV; 33, Rue d’Anderiecht, Drogenbos, Belgium—Lankro Chemicals, Ltd.; Salters Lane, Eccles, Manchester, England. 


Rep’s.: H. M. Royal 
European Affiliates: 


Inc., 
SA Argus Chemical 
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For brown and black closures, PLASKON® 
Wood Flour-Filled Urea offers high-torque 
strength, odor-free color-fastness and less 
dust collection on the shelf—at a price com- 
petitive with older general-purpose plastics. 


Closure Brown Standard Black 


Wood Flour-Filled Urea is now produced in 
an all-new, automated plant by Allied 
Chemical. It’s a high-quality thermoset- 
ting PLASKON Molding Compound. And 
no molder or user of closures will want to 
ignore its advantages. 


PLASKON Wood Flour-Filled Urea 
matches the more expensive alpha-cellu- 
lose type in all properties, except trans- 
lucency and range of color. This means 
you can now have the advantages of urea 
for all closures—alpha-cellulose for whites 
and pastels, wood flour-filled for browns 
and blacks. 





Plaskon4 


Properties of PLASKON Wood Flour-Filled Urea 

include: 

e@ Superior color-fastness 

e@ Hard, non-electrostatic surfaces (will 
not attract dust on shelf) 

e@ Greater scratch resistance 

@ Unaffected by ordinary solvents and 
highly impermeable to volatile agents 

Molders find PLASKON Wood Flour- 

Filled Urea excellent for high-speed auto- 

matic operations. In addition to three 

years of preproduction research, this 

low-cost molding compound has been 

thoroughly tested and proved in com- 

mercial manufacturing equipment. 








TODAY— take your first step toward investigating this new closure material. Write for 
technical data and molded samples of PLASKON Wood Flour-Filled Urea. 


PLASTICS AND COAL CHEMICALS DIVISION 


llied 
hemical 


40 Rector Street, New York 6, N. Y. 


SPE JOURNAL, OCTOBER, 1959 




















Jerome Formo 





Minneapolis Honeywell Regulator Co. 


Plastics Research in Poland 


In Poland today, one can see heroic efforts being made to liter- 
ally “boot-strap” the Polish plastics industry into existence. And 
the efforts have not been without visible results. 


Recently, I had the privilege of rep- 
resenting the U.S.A. on a Trade Mis- 
sion Team which toured Poland, visit- 
ing several plants and meeting with 
hundreds of Polish technical people. I 
visited the Plastics Research Institute in 
Warsaw, which is the research center for 
all Polish plastics. Ing. Konstanty Leidler, 
Director, Plastics Section, Ministry of 
Chemical Industry, is directly respon- 
sible for the dealapinent and Moe sg of 
our industry in his country. He is the 
driving force—encouraging, challenging, 
needling his people into a more rapid 
development of the industry. If one 
considers that essentially all of this has 
been done since 1951, it must be granted 
that good progress has been made. 


In 1949, about 790 metric tons of 
phenolic resins and 613 metric tons of 
cellulosics were produced. Other resins 
were almost unknown. In 1958, phenolics 
had grown to 11,400 tons, amino resins 
had entered and developed to 5,100 
tons and polyvinyl chloride had become 
important to the extent of 4,200 tons. 
Resins which helped increase plastics 
production included also caprolactam 
nylon, alkyds and polystyrene. 

Since all research necessary to develop 
these materials was accomplished at the 
Plastics Research Institute, it was espe- 
cially interesting to visit this facility 
which is under the direct supervision of 
Dr. Marcus Wajnryb. The Institut 
Tworzyw Sztucznych occupies a build- 
ing in the complex housing the re- 
search facilities of the chemical industry, 
and utilizes the common library. Out- 
standing in the Research Library is the 
collection of Eastern literature, princi- 
pally Russian and Japanese. About 16,- 
000 volumes in Russian, Japanese, Eng- 
lish, French, German and Polish make 
up the technical collection. In addition 
to Beilstein and Chemical Abstracts, 
Polish researchers have available the 
Russian Abstracts as well. A new publi- 
cation, Polish Technical Abstracts, was 
shown us as an indication of the serious 
nature of their work. The Plastics In- 
stitute also publishes its own technical 
journal but some publication difficulties 
are apparently being encountered be- 
cause it is now several months behind 
schedule. 

The Chemical Ministry has allocated 
about 1% of the value of plastics produc- 
tion to plastics research. This enables 
the Institute to employ about 170 work- 
ers. The work is divided into ten depart- 
ments, each specializing in certain ac- 
tivities such as testing, mechanical, 
chemical, electrical, and application 
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work such as vinyl films, floor tiles, etc. 
Twenty senior laboratory heads each 
have one or more small lab units of 3-5 
workers under a director (PhD). About 
70 of the staff have degrees. 

As the budget is increased, new re- 
searchers are expected to be drawn from 
out in the industry since no technical 
schools provide the specialized training 
desired. Other plastics laboratories of 
a very small nature exist in the material 
manufacturing plants. These are prim- 
arily devoted to control and the im- 
provement of the specific products 
manufactured. 


Research Objectives 
Plastics research in Poland was under- 
taken in 1951 and was aimed specifically 
at materials which could be put into 
production quickly. Thus, caprolactam 
nylon known as Steelon came into exis- 
tence and it is now being manufactured 
at a large modern plant in Gorzow. 
The present capacity of the Steelon 
plant is 3,500 metric tons per year with 
plans to raise this to 12,000 tons by 1965. 
The entire technical staff at Gorzow 
is Polish and Henryk Welter, the Director, 
is very proud of the fact that Steelon is 
entirely Polish from research through 
pilot plant and into production. He is 
also proud of the Polish designed and 
built reaction vessels and auxiliary 
equipment used in his plant. At present, 
most of the production is channeled into 
textile fibers with only a small proportion 
being diverted to plastics fabricators. 
The Gorzow plant supplies about one- 
fourth of its own raw material, capro- 
lactam, by conversion of phenol and de- 
pends on other Polish plants for the 
balance. A small triacetate film pilot 
plant is also operated here which is 
aimed at supplying needs of the new 
packaging industry. 
Emphasis on Analytical 
Procedures 
Currently, the emphasis at the Plas- 
tics Institute is heavy on methods of 
identifying and controlling impurities in 
the production of polyethylene and poly- 
styrene. Satisfactory methods of manu- 
facturing polyethylene have not been 
developed even though almost every 
available research tool including the 
electron microscope, ultra violet, x-ray, 
and infra red analysis is being used. Old 
and inadequate equipment is often the 
chief problem of the dedicated research- 
ers hard at work on these problems. 
However, notable exceptions are evident 
especially in physical testing equipment. 
Through membership in the Interna- 
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tional Standards Organization, the Poles 
are maintaining contacts with other 
technical people. This may account for 
the fact that the best equipment in the 
Institute seems to be of this type. 

The trace studies being made also in- 
clude standard _spectro-photometric 
means, both emission and pho- 
tometry, as well as x-ray spectrophoto- 
metry. Special studies are under way to 
follow the disappearance of crystal 
structure in polyethylene with increase 
in temperature. 

Poland’s major plastics import is PVC, 
most of which comes from the Eastern 
bloc. This vinyl is used largely in un- 
supported film for consumer goods. 
Considerable research effort is underway 
evaluating stabilizer systems. Thus far, 
soda _ stabilized emulsion type PVC 
seems best to them. They have also 
found that organic stannic stabilizers 
are best for thermal stability, but lack in 
adding light stability. Epoxy with zinc 
naphthenate has thus far given them the 
best Atlas weatherometer resistance. 

In another section of the Institute’s 
laboratory, basic studies are being per- 
formed with various phenolic bodies 
with the end view of utilization in higher 
phenol resins. Paper chromatographic 
techniques are used here. This laboratory 
section has published the synthesis of 
such products as 3-hydroxy methyl 
phenol. Epoxy resin studies currently 
are limited to the field of electrical insu- 
lating varnishes. Durable and very adhe- 
sive films have been prepared and are 
tested with the Erichsen rounded cone 
test. DIN German standards are gen- 
erally used in this laboratory. 

Undescribed work utilizing a pilot 
plant for the production of silicone re- 
sins had recently come to a halt and 
the equipment was being dismantled for 
shipment to some production site. 

The impression most forcibly _re- 
ceived during this visit was that of a 
dedicated group of scientists and tech- 
nical workers thoroughly in love with 
their work. This was very evident in 
many of the laboratories and must ac- 
count, at least in part, for the results 
thus far obtained. Certainly facilities 
and modern instruments cannot claim a 
major portion of such credit, since they 
are not generally available except in cer- 
tain cases. : 

Poland’s big problem is selection of 
research projects. Since limited facilities 
and maximum output are both required, 
the selection of projects which will re- 
sult in almost immediate utilization 
seems to be the goal. Considerable dif- 
ference of opinion exists within the 
Polish ranks as to whether the present 
plan best meets the ultimate goal. 

One thing is certain. The Polish tech- 
nical and scientific people will give a 
good account of themselves and will 
continue to strive hard to develop new 
materials for production in Poland. They 
know much better than we do what it 
has meant to do without many consumer 
goods we would consider essential, and 
they fully intend to do somethinz to 
correct the situation. 
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‘ €-Caprolactam stands as a challenge to the cre- 
ly CH,—CH,— C=0 ative ingenuity of American chemists and chemi- 
1- | cal engineers. From it can be built completely new 
“ NH commercial chemicals and resulting end-products 
“ | with properties unknown today. 
1- CH, —~CH.— CH, Consider its unique 7-membered ring, its polymer- 
forming potentialities . . . its reaction possibilities 
nt Polymerization: with other chemicals to create new materials useful 
j OH, —GH, C=O r to science and industry. 
H, Ba . 
ir . NH + —[-HNICH,),CO—]_ = And then remember that this unique monomer is 
CH, — CH —CHe already priced low enough for volume use in resins 
Hydrolysis: and fibers. 
. lias it ted Send for Technical Bulletin 1-14R 
h | + HO ——o NICH).COOM Substantial product-development work is being 
. CH, —CH,—CH, done with National €-Caprolactam. A considerable 
“ Reaction with Anhydrides: body of basic research data already exists. To en- 
s CH, —CH, —C=0 CH,—CH—-C=0 6 courage still wider interest, National Aniline has 
a NH + (RCO},0 | N—cR + RCO,H compiled a new 34-page brochure containing com- 
‘ CH, —CH,—CH, CH,—CH,—CH, plete properties, known reactions, suggested uses 
and a comprehensive bibliography. Samples and 
f Reaction with Acetylene: additional technical help are available to those 
. + a ae Ny ind ste whose work may develop broader use of National 
” +o, | + pa ata €-Caprolactam. 
_ CH, — CH, — CH, CH, — CH—CH; 








Reaction with Ammonia and Alkyl! Amines: 
CH,—CH,—C=0 
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| NH + NH, ——* H,N(CH:),C=N + HO 
CH, — CH,—CH, 
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Aanouncing A NEW “IMPCO” 


Injection Molding’s Most 
Versatile Performer! 


Impco Model HAI16-—425 


20 ounce injection molding machine 


The size of the new HA16-425 “Impco”, combined with its speed 
and adaptability, make it Injection Molding's most versatile per- 
former! Seven hundred and twenty dry cycles per hour at full 
24% inch stroke — two hundred pounds per hour plasticizing cap- 
acity — hydraulic knockout — live adjustments, are but a few of 
the many features contained in this machine. Let us show it to you. 


BI. MACHINERY INC. 


NASHUA, NEW HAMPSHIRE 


OE IMPROVED 





In Canada, Sherbrooke Machineries Limited, Sherbrooke, Quebec 


Export Distributors: Omni Products Corp., 460 Fourth Avenue, New York, New York 
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* Auto Parts 
WFLA 
Reports 


High 
Molding 
Efficiency 


with 
RCI 
POLYLITE 


Cure Time Reduced to 42 Seconds 


“With Reichhold Poty ite Polyester resin we have 
achieved the most efficient, least costly method of produc- 
tion for our compression molded automotive fresh air 
ducts.” This report comes from Lester F. Barnum, Vice 
President and Treasurer of Barnum Brothers Fibre Com- 
pany, East Detroit, Mich. 

“POLYLITE gives us about four times the curing speed 
obtained with other types of molding material. Press time 
with PoLYLITE is only 38 to 42 seconds as compared to 
three minutes with other materials,” continues Mr. Barnum. 


As to final product, he says, “the resin exhibits excep- 


Rep 


Creative Chemistry 
.--Your Partner in Progress 


tional impact and flexural strength as well as resistance to 
crazing and warping. It enables us to turn out a product 
that exceeds our customers’ rigid specifications.” 


Perhaps there is a Reichhold PoLy.ite Polyester resin 
that can help increase the efficiency of your production. 
Why not contact RCI and check the complete line of 
POLYLITE resins — not only for compression molding, but 
also for laminating, casting, structural layup, impregnating, 
encapsulating, rigid polyurethane foam production, surface 
coating, corrugated and flat sheet production and matched 
die molding. 


REICHHOLD 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, WN. Y. 


Synthetic Resins * Chemical Colors ¢ Industrial Adhesives « Phenol ¢ Hydrochloric ‘cid « Formaldehyde « Glycerine 
Phthalic Anhydride « Maleic Anhydride « Sebacic Acid « Ortho-Phenyiphenol « Sodium Sulfite « Pentaerythritol 
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Pentachloropheno! « Sodium Pentachlorophenate « Sulfuric Acid « Methanol 
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WHAT oem. 2 

SAYING 

ABOUT 

_ LUSTREX’ 
PERMA 

| TONE 

| STYRENE 





To all the inherent advantages of 
styrene in lighting—the large areas 
of illumination, the light weight, 
good diffusion, unusual design effects 
—perma tone adds excellent light 
stability, a resistance to yellowing up 
to three times better than regular 
styrenes. Proven in use by leading 
fixture manufacturers, without 
formulation changes since 1956, perma 
tone opens up wide new dimensions 
in color, including truly translucent 
whites and other difficult colors. 


Lighting Fixture Manufacturers to 3 times more resistant to yellowing Exceeds 


E NEMA F rey: ght stabilized styrene ‘Excellent crysta arity n- 


Lustrex perma tone styrene is 
available for injection molding or 
extrusion. Write for complete 
technical data to Monsanto Chemical 
Company, Plastics Division, Room 
1125, Springfield 2, Massachusetts. -" 


a 


Monsanto 
= 


*LUSTREX: REG. U. S. PAT. OFF. 


ee i 








When you slide behind the wheel 
of your 1960 model... 


Bee coatings 
are everywhere! 


Even though you’re “in the business,” 
the imaginative use of color and varying 
textures on plastic materials contribute 
greatly to your desire to own a 

brand new 1960 car. 

Logo Division of Bee Chemical 
Company has matched approximately 150 
colors for coatings being used for 
painting vinyls, ABS copolymers and 
other thermoplastics. Every major 
automobile manufacturer has accepted Bee 
color-matched coatings. 

They are used for: 











Crash Pads 

Interior Door Panels 
Center Pillar Post Covers 
Hinge Covers 

Sill Covers 

Arm Rests 

Horn Buttons 

Dashboard Identifications 
Glove Compartment Doors 
Instrument Clusters 
Exterior identifications and Trim 





Some of these parts require coatings in 
matched colors, for vacuum metallizing, protective 
and special-effect coatings. Bee 
produces coatings for all these 
applications. 
Automobiles are big business 
... but so is yours. Bee 
knowledge and experience— plus 
our willingness to provide you 
with the kind of shirtsleeve service 
that gets results—can be valuable to you. 
If you’ve an unsolved coating 
application, contact Bee— now! 





For more complete information about 
Logo Coatings for thermoplastics, write 
for Bulletin A-109. 


TRADE MAR® 


BEE CHEMICAL COMPANY 
LOGO DIVISION 
12933 S. Stony Island Ave., Chicago 33, Illinois 
Phone: Mitchell 6-0400 
Gardena, California Hartford 3, Connecticut 
17000 S. Western Ave., 119 Ann Street 
Phone: DAvis 9-8343 Phone: CHapel 9-7691 
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CYMEL / BEETLE 


Melamine 


PLASTICS 


CYMEL 


REMEMBERED FOR PERFORMANCE 


Cyanamid Molding Compounds 


(glass-filled) Additional distinctive properties: outstanding 


3135-3136 electrical properties; high impact resistance; extraordinary flame 


resistance; good dimensional stability. Typical applications: cir- 
cuit breaker boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 3135 (MMI-30, 
MIL-M-14E, Federal L-M-181 Type 8; ASTM D704-55T Type 8) ; 
Cymel 3136 (MIL-M-19061, MMI-5). 


(asbestos-filled) Additional distinctive properties: resistance to 
atmospheric extremes; high dielectric strength. Typical applica- 
tions: connector plugs; terminal blocks; a/c, automotive and heavy 
duty industrial ignition parts. Specifications: MIL-M-14E MME; 
Federal L-M-181 Type 2; ASTM D704-55T Type 2, SP1 SPEC 
NO. 27025. 

(alpha-cellulose-filled) Additional distinctive properties: Surface 
hardness, heat resistance, unlimited color range. Typical applica- 
tions: appliance housings, shaver housings, business machine keys. 
Specifications: MIL-M-14E —Type CMG (in approved colors) ; 
Federal—LM 181 Type 1; ASTM D704-55T Type 1, SP1 SPEC 
NO. 30026. 

(wood flour-filled)—CYMEL 1502(alpha cellulose-filled) Additional 
distinctive properties : Good insert retention. Typical applications: 
meter blocks; ignition parts; terminal strips. Specifications: 
Cymel 1500 (MIL-M-14E Type CMG; Federal L-M-181 Type 6; 
ASTM D704-55T Type 6); Cymel 1502 (MIL-M-14E Type CMG; 
Federal L-M-181 Type 7; ASTM D704-55T Type 7). 
(alpha-filled) Additional distinctive properties: Economy of 
fabrication; economy of material; myriad translucent and opaque 
colors. Typical applications: wiring devices; home circuit break- 
ers; tube bases; appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 (Are resistance 
limits are in process of revision by ASTM), SP1 SPEC NO. 27026. 





— CYANAMID _— WRITE FOR COMPLETE TECHNICAL DATA. 





AMERICAN CYANAMID COMPANY «© Plastics and Resins 
Division * 30 Rockefeller Plaza—New York 20, N. Y. Offices in: Boston 
Charlotte * Chicago « Cincinnati * Cleveland * Dallas * Detroit * Los Angeles 
Minneapolis * New York + Oakland « Philadelphia + St. Louis 
Seattle. In Canada: Cyanamid of Canada Ltd., Montreal and Toronto. 
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Miki Mle 


NEED A 


Se MNONTOXIG 
~~ PLASTICIZER? 


For all these and many other plasticizer applications you should 
investigate the nontoxic, odorless Pfizer Citroflexes. 

Citroflex A-2 (Acetyl Triethy] Citrate) for cellulosics is especially 
suited for use in plastic food wraps such as cellulose acetate packages 
for processed meats, doughnuts, etc. 

Citroflex A-4 (Acetyl Tributyl Citrate) for polyvinyls is used in 
such viny!] products as food container coatings, bottle crown liners 
and for food-jar-cap sealing rings. 

Both Citroflex A-2 and A-4 are nontoxic and odorless. They are 
accepted by the Food & Drug Administration for use in plastic pack- 
aging of both fatty and non-fatty foods. 
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IF PHENOLICS CAN DO IT, PLENCO CAN PROVIDE IT—AND DOES—FOR SIMPSON ELECTRIC 





You don’t have to baby the VOMs, 
VTVMs and other widely-used electri- 
cal measuring instruments made by 
Simpson Electric Company, Chicago. 
They’re built for toughest service, ac- 
curacy and sensitivity. Housings, 
covers, knobs and handles, too, must 
be right—molded of materials that are 
dimensionally stable, high in electrical, 
impact and heat resistance, and with 
preformability characteristics that per- 
mit the close tolerances specified at any 
given check point. We regard it as a 


commendation that, in over 500 sepa- 
rate instances, Simpson engineers 
turned to Plenco for these approved 
phenolic molding materials. 

Like Simpson, an ever-increasing 
number of manufacturers, designers 
and molders have learned to rely on 
Plenco phenolic compounds (ready 
made or specially made) to help solve 
today’s challenging product and pro- 
duction problems. We'd like to show 
you how Plenco does it—and how 
Plenco can do it for you. 


PLASTICS ENGINEERING COMPANY 


Sheboygan, Wisconsin 


FOR BETTER 
» PLASTIC PRODUCTS 


Serving the plastics industry in the manufacture of high grade phenolic molding compounds, industrial resins and coating resins. 
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James M. Smith’ and 
Robert B. Bennett* 


An Easy Way to Control Cure 


of Polyester Resins 


ar World War II, when polyester-glass laminates were 
developed which could be cured without pressure, many 
small as well as large companies have been using them to 
manufacture boats, swimming pools, radar domes, and 
other large plastic structures. Losses of the expensive resins 
and glass cloth, often have resulted from overcures and 
undercures caused by changes in atmospheric temperature 
and humidity. 

The first part of this article presents the practical side of 
the control of the cure of these resins, by means of two 
types of graphs. These graphs could be furnished by the 
manufacturer or modified by the operator to obtain optimum 
and controlled cures in spite of wide variations in the 
seven variables which must be considered. These variables 
are: Per cent catalyst, per cent accelerator, room temperature, 
relative humidity, and the particular choice of resin, catalyst, 
and accelerator or their solutions. 

Although larger companies often augment contact pressure 


Now employed by the American Oil Co., Texas City, Texas. 
* Professor of Chemical Engineering, University of Florida, Gaines- 
ville, Fla. 


be 
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This article gives a method for 
controlling the cure of polyes- 
ter resins. T he method is based 
on the use of two types of 
graphs, with detailed steps 
given on how to obtain data 
for the construction of these 
graphs. More important: 
{hese steps may be used to ob- 
tain similar information for 
any other similar resin. 


by using vacuum or air-operated bag or mold pressure, 
with or without controlled heat, the same types of graphs 
could be constructed to suit the conditions of manufacture. 
In this case, the humidity variable could be replaced by 
pressure or strength relationships. 

The steps which may be taken to obtain better control 
of the setting or gel time are given below, and are followed 
by a detailed procedure to be used to obtain similar infor- 
mation for any other similar resin. 


Application 

Only two types of graphs are needed for any one selec- 
tion of a resin, a catalyst, and an accelerator. 

The first type of graph (Fig. 1) plots air temperature 
against a range of accelerator/catalyst ratios on semilo- 
garithmic paper. Suppose that the operator has been us- 
ing a combination of resin, cataylst, and accelerator recom- 
mended by the resin supplier and wishes to allow for a 
change in room temperature and humidity so that he can 
obtain the same gel time experienced on a previous lami- 
nated structure. In Figure 1 the operator has chosen a gel 
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Figure 1. By using a com- 
bination of accelerator 
concentration, relative 
humidity, and tempera- 
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this graph can be 
ised to control the cure 
»f polyester resins 
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ACCELERATOR / CATALYST 
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O“ACCELERATOR/CATALYST © 


Figure 2. Graph shows an arithmetical relationship be- 
tween parts accelerator and parts catalyst to be added to 
100 parts of a resin, when the ratio of accelerator to 
catalyst is given 


time of two hours. This is Step 1. Other graphs are made 
up for different gel times. 

2. For Step 2, the operator locates on Figure | the ac- 
celerator concentration he has been using, and lays a 
ruler within this marked area so that it connects the ob- 
served relative humidity at the top of the area with a 
proportionally spaced mark across the bottom of the par- 
ticular accelerator area. 

3. Step 3 consists of moving horizontally from the ob- 
served temperature at the left until this line meets the 
ruler. 

4. From this point the operator, for Step 4, moves ver- 
tically down to the bottom line to read off the recommended 
accelerator/catalyst ratio. 

5. For Step 5, the operator calculates the per cent cata- 
lyst to use, or consults a chart such as Figure 2, where he 


finds a slanting line corresponding to the per cent accelera- 
tor. From the point where this line intersects a verti- 
cal line from the recommended accelerator/catalyst ratio, 
the operator moves to the left to find the co ding 
catalyst percentage to use to obtain the desired gel time at 
the observed temperature and relative humidity. 

Figure 2 can be used for any catalyst and accelerator 
since it shows only an arithmetical relationship between 
parts accelerator and parts catalyst to be added to 100 
parts of a resin when he ratio of accelerator to catalyst is 

iven. 

. 6. Step 6 would cover the option of a change in gel 
time desired for one reason or another. A much longer or 
shorter gel time might involve not only a » afi 
in per cent catalyst but also a change in per cent 
accelerator. This is because a speeding of the gel time can 
be achieved by an increase in either accelerator or catalyst. 
Some resin suppliers, however, recommend ranges of accelera- 
tor/catalyst ratios because, outside of these ranges, optimum 
physical properties are not easily achieved. Therefore, for a 
change in gel time, a chart such as Figure 1 is picked for the 
new gel time and an accelerator/catalyst ratio in the sup- 
plier’s recommended range is chosen which will intersect the 
observed temperature line within the area of one of the 
graphed accelerator percentages. The relative humidity 
adjustment is made again to give a slightly changed ac- 
celerator/catalyst ratio, and this is plugged into Figure 2 
as before to find the percentage catalyst. 

The particular chart chosen for Figure 1 was obtained 
from data on a definite trio of resin, accelerator, and catalyst. 
Obviously such a graph would have to be available in the 
technical or manufacturer's literature, or be determined 
by the operator for the resins, humidities, and other ele- 
ments with which he wished to work. Since such data are not 
available, it is important that the rather simple method of 
obtaining them be recorded here. Even the data obtained 
during the present study cover only a few resins and only 
one resin was employed in the complete range of the vari- 
ables tested. 





RECORD SHEET FOR OBTAINING DATA TO CONSTRUCT WORKING GRAPHS 





RUN NO.: G-3-5 VARIABLE: catalyst CONSTANT: accelerator 


DATE: 2/13/59 Drops constant: 73.0/g Wt. %:2.0% 
CATALYST: Lupersol DDM Gms/Drop: 0.0137 
ACCELERATOR: 6% Co Naphth. Gms/Drop: 0.1230 


RESIN: Celanese MR-28C Viscosity: 6.0 poises @ 72°F Wt.: 50.0g 


Total Gms 
Variable 
Present 


Wt 
Resin 
Present 


Drops of 
Variable 
Added 


Sample 


No 


0.1370 
0.1785 
0.275 
0.370 
0.453 
0.644 
0.919 
1.370 


0.274 
0.357 
0.552 
0.743 
0.914 
1.30 
1.86 
2.78 


50.0 10 
49.9 
49.8 
49.7 
49.6 
49.5 
49.4 
49.3 


Onauveawn — 


Weight container plus remaining resin 


Weight container 


Weight resin remaining at end of run 


Weight resin removed 


Weight resin removed per sample 0.9/8 


Wt. % 
Variable 


Ratio 
Accel. to 
Catalyst 


Gel 
Time, 
Mins 


Time 
Sample 
Gelled 


Time 
Variable 
Added 


7.30 
5.61 
3.63 
2.69 
2.19 
1.54 
1.08 
0.72 


10:21 
10:23 
10:24 
10:25 
10:26 
10:27 
10:28 
10:29 


51.0g 
1.0g 

49.1g 
0.99 
0.19 


Average dry bulb temperature: 72°F 
Average wet bulb temperature: 67°F 


Average relative humidity: 
Ay. grains water/|b dry air: 


78% 
9igr/# 
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Figure 1 is the graph for a two-hour gel time under con- 
ditions of high humidity where most of the troubles are 
encountered. This, and additional graphs covering wide 
ranges of the variables, were made using data from the 
MR2S8C resin of the Celanese Corporation of America, 6 

r cent cobalt naphthenate solution accelerator of the 
Nuodex Products Co., and Lupersol DDM catalyst from 
Wallace and Tiernan, Inc. Percentage values on these 
graphs are parts by weight of these eo added to the 
weight of resin. 


The Procedure 

A typical record sheet which can be followed while ex- 
amining the procedure used to obtain data for these graphs 
is shown. When, as in the present development of these 
graphs, no suitable graph is available for modification, the 
procedure is as follows: 


1. In a room of known and fairly constant humidity and 
temperature, preferably completely air-conditioned and 
adjustable, all materials are stored for several days. Den- 
sities of the catalyst and accelerator, if not available from 
the manufacturer, are determined by hydrometer or pycno- 
meter. Several 1.0-ml hypodermic syringes are calibrated, 
and the weight of a drop of each solution is determined. 

2. Using a ore sample of resin in each of eight paper 
cups, drops of accelerator from the syringe are stirred into 
each to give a range of 0.3 per cent to 3.0 per cent solutions. 

3. The desired number of drops of catalyst for the low- 
est percentage is then stirred rapidly into one of the acceler- 
ated resin batches and the time recorded. Depending on 
viscosities, a consistently sized sample from 0.1 to 0.2-g for 
gel testing is removed by a small spatula and flowed onto 
spaces marked on a piece of cellophane spread over a 
glass plate. Seven more samples of catalyst are added suc- 
cessively to the same accelerator/resin batch, and gel 
samples removed after each stirring, to cover a range of 
0.3 to 3.0 per cent catalyst. With practice, only one minute 
is required to prepare each gel sample. Additional research 
tests were made to show that differences in gel time between 
this method and that where separate batches of resin are 
used for each combination, were within the experimental 
error of determining the gel time. The process is repeated 
for each resin-accelerator batch. Of course, the catalyst 
could be kept constant and the accelerator varied if de- 
sired. 

4. With practice, a standard amount of resin solution 
can be removed for each gel test. A weight check at the 
end of the run can be used to calculate closely the per cent 
catalyst in each gel sample withdrawn. 

5. After a series of gel samples is deposited on the cello- 
phane, the gel time tests must be started immediately on 
the most concentrated samples and tests are run rapidly 
back through the slowest curing sample. The time of gelling 
is recorded as when the sample, upon being stroked and 
worked with the spatula, will show some coagulated lumps 
and viscous strings which begin to break and no longer 
fall back on the resin button to form a smooth surface. Since 
at this point the resin could not have been removed from 
the supply pot nor worked on the laminate structure, this 
time is recorded as the gel or practical cure point. When 
the whole series of tests was repeated on the same day at 
the same temperature and humidity, deviations of less than 
10% between corresponding gel times were obtained. 

6. The foregoing series of tests should be repeated un- 
der enough variations of temperature and relative humidity 
to cover the range desired and the resulting data graphed 
as in Figure 1. The present study has indicated that ac- 
curate graphs can be obtained from data obtained at 10- 
degree temperature intervals and 10 per cent relative- 
humidity intervals. 
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Additional Observations 

The results of these tests gave straight lines on semi- 
logarithmic paper except at very high and very low tem- 
peratures outside of any conceivable working conditions. 
Humidity effects were practically linear on these graphs 
and can be extrapolated to lower values. 

There is one short cut which appears possible in setting 
up the graphs for a new resin-curing system, and which is 
recommended for further study. It appears that the data 
for many polyester resins may give practically the same 
slopes when graphed. This makes it possible to use the 
data for only one point on any line, plus the slope, to de- 
termine the line for a new resin in comparison with a resin 
being studied, such as the MR28C investigated here. In 
any case, all polyesters studied so far give straight lines so, 
it is believed, a maximum of two points of data will deter- 
mine a particular line when graphed as in Figure 1. 

Several experiments were run to determine the effect of 
sample size on gel time. It is well known that exothermic 
reactions are speeded when heat is not removed as rapidly 
as it is generated. The larger the volume/surface ratio of 
the reaction mass, the shorter the gel time should be. There- 
fore, unless a practical sized batch of catalyzed resin is kept 
close to room temperature by placing it in a shallow pan 
or by cooling it, the experimental gel time on the small 
test sample will have no practical significance. For instance, 
one 50-g batch cured twice as fast as the sample on the 
cellophane. The effect of humidity on the sample corres- 
ponding in thickness to that which would be used in making 
the laminate was substantiated here, also. The above test 
run (at 93 per cent humidity) was repeated at 54 per cent 
to give a gel time only 25 per cent faster for the 50-g batch. 
A large number of tests covering the ranges in temperature, 
humidity, accelerator, and catalyst substantiated the rela- 
tive effect of humidity on the gel times of small and large 
samples. In commercial operations the problem of prema- 
ture gelling of large batches can be solved by mixing the 
catalyst in one part of the resin, and the accelerator in the 
rest of the material. Simultaneous coating of the glass 
cloth with the proper proportions of these two solutions 
produces a laminate with a gel time corresponding to that 
of a small sample of the same thickness. Tests on such so- 
lutions run over several months’ time showed that either 
the catalyst or the accelerator will increase the viscosity of 
the raw resin, but not enough to be of practical significance. 


Mathematical Procedures 

Commercial polyester resins are mixtures of large mole- 
cules prepared by esterification of alcohols containing more 
than one hydroxyl group with acids containing more than 
one carboxyl group to split off water. This is followed by 
a separate cross-linking step of true polymerization of 
double bonds contained in some of the alcohol and/or 
acid molecule residues, or in subsequently added unsatur- 
ated monomers. The polymerization reaction can be hast- 
ened by the use of catalysts and their accelerators to the 
point that the reaction will take place at room temperature 
in a reasonable length of time. 

The velocity of this polymerization of catalyzed poly- 
esters is influenced by the ambient temperature and humi- 
dity, as well as by the other previously mentioned variables 
which usually are fairly well controlled. 

The literature reveals that some aspects of these reactions 
have been studied to correlate certain data. For instance, 
commercial bulletins such as those from the Pittsburgh 
Plate Glass Company on Selectron 5000 give the gel time 
by a peak exothermic temperature test according to the 
method of the Specifications of Standards Committee, Rein- 
forced Plastics Division, Society of the Plastics Industry. The 
Interchemical Corporation in its bulletins shows the exo- 
therm curve for each resin and gives the amount of certain 
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Figure 3. Parameters of the related humidity and of the 
accelerator/catalyst ratio. 


catalysts for definite gel times. The American Cyanamid 
Co., as in the bulletin for Laminac 4116, gives gel times 
for ranges of catalyst and accelerator. Hooker Electro- 
chemical Co. gives graphs relating catalyst concentration 
and temperature for various gel times in Bulletin No. 51, 
while a different test for gel time is mentioned in the Rohm 
& Haas Co. bulletin on Paraplex P-444, and correlated 
with some values for temperature, catalyst and accelerator. 
Several bulletins mention the retarding effect of high hu- 
midity but it is believed that data for this effect and cor- 
relation of it with the other variables is not available in the 
industrial literature. Many pertinent references of a general 
nature are available (1, 2,7, 10,13, 14,15), some of a 
theoretical nature (5, 6,9, 11), while some mathematical 
correlations have been reported (3, 4, 8). A complete study, 
however, of the correlation of sufficient variables to control 
the cure or gel time has not been found, nor have empirical 
equations been derived except those relating a few variables 
as reported by Berndtsson and Turunen (3, 4), and Maltha 
and Damen (8). The former investigators found that there 
were upper limits of effectiveness for either catalyst or ac- 
celerator, and derived an equation which correlated the 
rate of polymerization with the concentration of catalyst. 
The effects of accelerator and temperature were not included 
in the equation, nor was the effect of humidity investigated. 
Maltha and Damen (8) conducted a similar study at a lower 
temperature to show that a different constant was involved. 


Developing The Data 

A series of straight lines was obtained when the ratios 
of percentages of accelerator to catalyst were plotted versus 
gel time in minutes at each of several constant temperatures. 
Parameters of percentage accelerator and of relative humid- 
ity indicated that humidity values could be interpolated 
and to a conservative extent extrapolated. By cross plot- 
ting, using temperature on the arithmetic scale versus gel 
time on semilogarithmic paper, a series of lines was ob- 
tained for each percentage of accelerator as shown in 
Figure 3. Parameters of the related humidity and of the 
accelerator/catalyst ratio are shown. Figure 3 is for an 
accelerator percentage of one per cent. 

Replotting the smoothed data at 10°F intervals resulted 
in the series of lines shown in Figure 4 where accelera- 
tor/catalyst ratio is the vertical coordinate versus gel time 
in minutes with both humidity and percentage accelerator 
as parameters. Figure 4 shows the results at 70°F. 

Another straight-line relationship was obtained when 
relative humidity at a constant temperature and a constant 
ratio of accelerator to catalyst was plotted against gel time, 
while the percentage of accelerator was used as a parameter. 
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Figure 4. Humidity and percentage accelerator shown as 
parameters. 


Figure 5 shows that this would be a convenient type of 
chart to predict gel time of a standard resin mixture at 
different relative humidities. 

When a constant gel time is required, a chart like that 
shown in Figure 6 is convenient. Relative humidities and 
percentage accelerator serve as parameters when tempera- 
ture is plotted versus accelerator/catalyst ratio. This type of 
chart and an accompanying mathematical conversion freph 
showing the relation between percentage catalyst an r- 
centage accelerator for varying accelerator/catalyst ratios 


were used in the first part of this article. 


10 


Mathematical Correlation 
In the initial plots of the data (as in Figure 4 at 10°F. 
intervals on logarithmic paper with the ratios of percentage 
of accelerator (A) to catalyst (C) versus gel times (theta), 
the resulting straight lines could be described by the 

equation: 
A/C = a(@)° 


where the constant (a) would represent the intercept of the 
line on the ordinate when 


@ = 1 (and Iné = O) 


and the (b) constant would be slope of the line. The values 
of the a and b constants were determined for lines covering 
a range of the parameters of relative humidity and percent- 
age accelerator. The following calculations illustrate the 
method used to determine ranges of values for these two 
constants: 


If A/C = a(@)", then In(A/C) = b In @+Ina 


(Equation 1) 


4A \_& | 
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Figure 5. A convenient type of chart to predict gel time of 
a standard resin mixture at different relative humidities. 
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Figure 6. A convenient chart when constant gel time is 
required. 


From the original data, (which is too lengthy to present), 
when the accelerator value is one at 70°F. with a relative 
humidity of 67 percent and an A/C ratio of one is chosen, 
the gel time @, is found to be 57.5 minutes. Similarly for an 
A/C ratio of four, the gel time @, is found to be 625 minutes. 
Substituting these values in the logarithmic equation the 
two resulting — can be solved by eliminating In a 
and solving for b. 


In (A/C), = b Iné, + In a 
In (A/C), = b Iné, + Ina 
so, In (A/C), — In (A/C), = b Iné, — b Ina, 


or, In (4/1) = b In(625/57.5), and b = (In 4)/(In 10.87) 


= 1.386/2.385 = 0.580 


In order to find the values of the a constants, the logarith- 
mic version of the equation can be rearranged as In (1/a) 
= b Iné—In (A/C). When A/C = 1, @ = 57.5, then In 
(1/a) = (0.580) In 57.5, and a = 0.0953. 

Therefore for accelerator percentage of one, temperature 
of 70°F. and relative humidity of 67 per cent: 


A/C = 0.0953(6)"™ 
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Figure 7. Graphs showing relationship between the vari- 
ables by plotting temperature versus the “a” constant 
with parameters of relative humidity and percent accele 
rator with the constant “b” representing the slopes of 
the lines 
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Figure 8. Temperature vs. “b’ constant 


Similarly the constants for other combinations of variables 
were calculated and a family of graphs (Figure 7) was con- 
structed to show the relationship between the variables by 
plotting “ae meng versus the “a” constant with para- 
meters of relative humidity and percent accelerator with 
the constant b representing the slopes of the lines. It was 
found that this slope was practically constant for a given 
temperature and relative humidity for all values of per cent 
accelerator. Therefore, it was possible to construct another 
series of lines, shown in Figure 8, by plotting temperature 
versus the constant b with relative humidity as the para- 
meter. Thus, the a and b constants can be determined for 
any set of values of temperature, humidity, and per cent ac- 
celerator. The per cent catalyst is then obtained from the 
equation 


A/C = a(@)’. 


This equation can be related to the Berndtsson and Turunen 
(3) equation: @ = K(C)" (which can be converted to the 
form 1/C = a(@)") by realizing that K* = a, n=b, and 
1/C = @K™ when the accelerator concentration is kept 
constant. 

In the same manner the graphs in Figure 3 could be used 
to determine constants for the equation of these lines which 
would be of the form: 
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Figure 9. Data for various commercial resins compared 
with Celanese MR28C resin 














@=c(e)” (Equation 2) 
where T is* Rankine, c and d are the constants to be deter- 
mined, and e is 2.718, the base of natural logarithms. Since 
this equation is not as convenient to use as Equation 1, the 
constants have not been investigated further. 

The data or graphs for Figure 5 give an equation of the 
form: 

6 = p(RH)* (Equation 3) 
where RH is percentage relative humidity and the con- 
stants are p and q. Additional experimental work is needed 
in the extrapolated regions before accurate values of the 
p and q constants can be calculated. 

Additional mathematical relationships between the vari- 
ables are possible. For instance, in Figure 6 an equation 
and constants can be worked out similarly to give the ratio of 
the accelerator to catalyst needed to want Hes a 30-minute gel 
time at a chosen temperature and humidity. In other works 
A/C = r(e)** where T is ° Rankine and r and s are constants. 


Resin Variable 


A few of the data on other commercial resins are com- 
pared in Figure 9 with the corresponding data for Celan- 
ese MR28C which was used in the majority of the experi- 
ments. It can be seen that those resins giving a similar slope 
will require only a change in the a constant to correlate 
their data with those of MR28C, while those with a slope 
different from that of MR28C can be correlated by determ- 
ining the values of both a and b constants. The fact that 
these latter resins (Hetron 32-A of the Hooker Electro- 
chemical Co., Niagara Falls, and Stypol 407 of the H. H. 
Robertson Co., Ambridge, Pa.) have practically identical 
slopes and are offered as being more heat resistant than the 
other resins suggests possible correlations based on chemi- 
cal structure. The data used in Figure 9 are for 80°F. and 
67 per cent relative humidity and only 1.0 per cent and 
0.6 per cent accelerator concentrations are shown. Similar 
correlations were found at other temperatures and at other 
relative humidities and accelerator concentrations, but in 
the latter case higher humidities at lower accelerator con- 
centrations conded to give lines with lower slopes which 
would necessitate a change in the b constant for the most 
accurate work. Also observed was the fact that a change 
in humidity had more effect on some resins than on others. 


Conclusions 
The results from this experimental work suggest the fol- 


lowing conclusions: 

1. The work of Berndtsson and Turunen (3, 4) was con- 
firmed in that there is a maximum useful concentration of 
either catalyst or accelerator beyond which gel time is not 
appreciably shortened. In the particular case studied in 
detail this point is at approximately 2 per cent of added 
accelerator solution. The effect of additional catalyst fell 
off more slowly above 1 per cent of added catalyst solution 
and then only when the percentage of accelerator solution 
was greater than 1 per cent. 

2. A number of commercial polyester resins were tested 
under controlled variations in the relative humidity, tem- 
perature of gelling, and percentages of added catalyst and 
accelerator. These tests indicate that the ratio of the con- 
centrations of the accelerator to catalyst bear a definite 
relation to the gel times through the equation A/C = a(é)” 
where a and b are constants characteristic for each resin. 
This has been shown to be an expansion of the Berndtsson 
and Turumen equation @ = K(C)* where K and n are con- 
stants, to include the effect of the accelerator. The constant 
b for each resin was found to be the same for all acceler- 
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ator concentrations at any fixed temperature and relative 
humidity. It increased as either temperature or relative 
humidity was decreased, varying between 0.42 and 0.66. 
The constant a varied between 0.006 and 0.70. In = 
it increased with either lowered relative humidity, or higher 
values for accelerator concentration or temperature. 

3. Additional relationships have been found in that the 
gel time can be expressed as a power function of the rela- 
tive humidity in the form @ = p(RH)* where p and q are 
constants, or it can be expressed as a temperature power 
of the transcendental tn oe “e” in the form @ = c(e)”, 
where c and d are constants and T is °R. 

4. Longer gel times were obtained at higher humidities. 
This may be caused by a reaction of moisture with the free 
radicals believed to be responsible for the cross-linking of 
the resin. Increased time of exposure of the resin film would 
allow more moisture to diffuse into the resin. This is sub- 
stantiated in part by the greater effect of an increase in hu- 
midity at higher temperatures which would make avail- 
able a higher concentration of moisture in the air. The 
relatively smaller effect of increased humidity at low tem- 

rature even at long gel times could result from the 
diffusion equilibrium being reached more rapidly at these 
lower moisture concentrations. 

5. The theoretical relationships between the chemical 
structures and the mathematical correlations of the variables 


tested remain to be explored. 
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For Epoxies... 


A Unique Modifier 


B ecause of the high cost and viscous nature of liquid epoxy 
resins, it is desirable for most applications to modify them 
by the addition of diluents, fillers, and other materials. One 
such modifier—triphenyl phosphite—has been uncovered, 
which may open up new facets of resin technology. 

Mod-Epox, Monsanto’s trademark for triphenyl phosphite 
for epoxy resin applications, is completely miscible with the 
normal liquid epoxy resins and can be blended over a 
range of concentrations to give economy and excellent 
physical properties. In one study, concentration at 25 parts 
per 100 parts of resin was found to give pptimum proper- 
ties. Resins containing this modifier may be stored in closed 
containers for several months without any appreciable 
change in viscosity. Caution: Triphenyl phosphite is hygro- 
scopic; contamination with moisture will affect the per- 
formance characteristics. Formulations open to the atmos- 
phere will exhibit skin formation after several weeks, al- 
though resin viscosity under the skin will change at only a 
very slow rate. 


How it works 

Tripheny! phosphite enters the polymer molecule through 
a transesterification reaction. This reaction occurs between 
the phosphite ester and the resin’s hydroxyl groups. Under 
these conditions, crosslinking would be effected not only 
through the amine curing agent, but also through the tri- 
functional phosphite ester, giving an intermediate polymer 
molecule of the type shown. The triply connected phosphorus 
atoms of the intermediate molecule then undergo thermal 
isomerization to quadruply connected phosphorus atoms, 
i.e., phosphonates. Experiments with other curing agents, 
such as phthalic anhydride and the polyamides, also sub- 


Improves compressive strength and dimensional 
stability 

Better electrical properties 

Adhesives are stronger 

Accelerated cure and lower viscosity 


stantiated that the modifier becomes chemically bound into 
the polymer. 

Evidence to support the proposed mode of action 
came from a comparison of the physical properties of cured 
resins containing varying amounts of modifier and curing 
agent. When the modifier was added to a resin formulation 
containing a quantity of polyamine curing agent equivalent 
to the resin’s oxirane oxygen content, some decrease in 
physical properties of the cured resin occurred. But when 
the curing agent concentration was cut so that the sum of 


fe) 
\ i H os | 
DNOH,CH.NCH;-C~cH,O-{_)-c-€_)-0cH-C-CH, oo 


re) CH, 


H | 
QOCH> c-0-P 
| 


CH, 

H | H y 

Ch, 0-C-CH,O-{_)-C-{_Y-0cy-C~CHNCH.CH NT 
CH ° 


9 OCH, 


as 


CH,- C-CH, 


3 | 


H 
OCH;-C-CH;- 
fe) 


Tripheny! phosphite chemically bound in intermedi- 


ate polymer molecule 


TABLE | 
Comparative Properties of Formulations 





Material Control 





Liquid epoxy resin (E.V. == 200) 100 


Tripheny! Phosphite (Mod-Epox) 


Allyl glycidyl ether 
Butyl glycidyl ether 
Diethylene triamine 


Cost, ¢/Ib. of modified resin 
Formulation Properties** 
Viscosity, cps at 25°C 
Hardness, Rockwell M 
Heat Distortion Point, °C 
Compressive Yield Strength, ps 
Water Absorption, % in 7 days 
10% Caustic absorption, % in 7 days 


100 
0.5 mole oxirane 
25 


).24 mole 


S 1] 
(0.31 mole N-H 53 mole N-H 


Ol¢ 





* Based on prices published Sept., 1959. 


** Cure schedule: 20 hours at room temperature plus 2 hours at 100° C. 


*** No yield point. Slope changed at about 16,000 psi. 
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the modifier's phenoxyl content and the curing agent's 
amino hydrogen content about equaled the resin’s oxirane 
content, the physical properties of the cured resin were the 
same or better, with the exception of the heat distortion 
point, than those of the control. 

The heat distortion point (see Table I) was reduced to a 
value of approximating as that observed when several of the 
commercially available glycidyl ether reactive diluents 
were used at somewhat lower concentrations. This similarity 
is in line with the mechanism advanced since the phenoxy] 
groups and glycidyl ethers both act as chain-terminat- 
ing agents and tend to reduce the degree of crosslinking. 
Thus, the stoichiometry of resin formulation No. 1 suggests 
that triphenyl phosphite acts as a substitute for the poly- 
amine curing agent—a unique feature. Also implied: The 
driving force for the proposed transesterification reaction 
is capture of the phenol released during the ester inter- 
change step by the resin’s excess oxirane rings. The small 
amount of free phenol present during the reaction also 
can act as an accelerator in modified systems cured with 
nitrogen-containing curing agents. This cure acceleration 
has been observed in some triphenyl phosphite modified 
resin systems. 

Electrical properties of the formulated resins are among 
the properties which can be improved through the use of 
triphenyl phosphite (Table II). Of the commercially avail- 
able reactive diluents only triphenyl phosphite will main- 
tain or improve the electrical properties of the basic epoxy 
resin. 





Triphenyl Phosphite Effect on Adhesives 


Tensile tests on steel bonded to steel with an un- 
modified liquid epoxy cured with 12 PHR diethylene 
triamine showed the bond strength to be 2000 psi. 
Modified with 25 parts triphenyl phosphite and using 
8 parts of curing agent, the bond strength jumped to 
3,060 psi. In tests on aluminum to aluminum bond, a 
40% increase in bond strength was observed. Using 
butyl glycidyl ether as a diluent, a 7% increase in the 
aluminum-aluminum bond resulted. 
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VISCOSITY, CPS, AT 25°c 














TRIPHENYL PHOSPHITE, PHR 
Figure 1. Viscosity curve of an epoxy resin formulation 
with various amounts of tripheny!l phosphite. At the level 
of 25 parts of triphenyl phosphite, this formulation has a 
viscosity of about 600 centipoise and shows excellent han- 
dling characteristics 











DIMENSIONAL STABILITY, % RETENTION 


COMPRESSIVE LOAD, PSI 


Figure 2. Deformation of castings versus compressive load. 
At loads of 14,000 psi and higher, the triphenyl phosphite 
formulation showed 50% better retention of dimension than 
any of the other resin systems including the unmodified 
resin. The importance of this feature in formulations de- 
signed for the tool and die industry is readily apparent 


TABLE Il 
Electrical Properties of Various Formulations 





Power Factor (%) 





Sample Composition 1 kilocycle 


1 megacycle 


Specific Resistivity* 
Megohm-cm. at 50° C. 


Dielectric Constant 








1 kilocycle 1 megacycle 





100 Liquid Epoxy Resin** 
12 Diethylene triamine 1.4 
100 Liquid Epoxy Resin 
8 Diethylene Triamine 0.4 
25 Mod-Epox 
100 Liquid Epoxy Resin 
13 Diethylene Triamine 
10 Allyl Glycidyl Ether 
100 Liquid Epoxy Resin 
13 Diethylene Triamine ) 3.1 
13.5 Butyl Glycidyl Ether 


49 166x 10" 


40 18.8 x 10° 


49 7.1x10 


47 42 73x10 





S Specific resistivity measurements at room temperature correlated fairly well with the 50° C. values, but were not 
included in the table because the observed resistances at room temperature approached the leakage resistance of the 


bridge too closely to give accurate results. 


**Typical resins are Ciba’s Araldite 6010. Devoe-Raynolds’ Epi-Rez and Shell’s EPON 828. Similar liquid resins are 
also manufactured by Union Carbide Plastics and Reichhold. 
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Refractive Index Method 
for Determining Cure Rates 
of Epoxy Resins 


— development of the field of epoxy resins has been so 
rapid that it has been difficult to provide an adequate 
variety of reliable methods for the evaluation of these novel 
products. A particularly challenging problem was the design 
of methods for measuring the rate and extent of the reaction 
that is commonly called the cure of epoxy resins. 

These difficulties, of course, stem from the fact that the 
resins in question, after addition of curing agent, pass from 
the liquid state through a gel and rubbery stage to the solid 
state and eventually become completely insoluble and infus- 
ible. The desired methods should be applicable to all these 
stages, preferably on the same specimen. Another obstacle 
in carrying out measurements on epoxy resins during the 
cure is the evolution of heat of reaction, sometimes called 
“exotherm”. Reaction studies should be carried out at con- 
stant temperature; therefore, the heat of reaction has to be 
removed. 

Fortunately there are a number of ways to handle this 
problem. One of the methods (4) circumvents the solidifica- 
tion problem by using a model compound, namely an epoxy 
compound with a structure similar to the materials to be 
tested, but not being polyfunctional. Thus, a cure reaction 
can be carried out and studied by chemical analysis without 
the occurrence of gelation or solidification. This method has 
given valuable insight into the reaction mechanism of epoxy 
polymerizations, but the results are not fully applicable to 
the reaction of diepoxides such as EPON® resins. 

A method of chemical analysis applicable to epoxy resins 
in the solid state is available (2,1) but is not practical for 
specimens in the gelatinous or rubbery state. Infrared spec- 
troscopy has been used for cure rate determinations (2); by 
sacrificing a pair of rocksalt plates, it is possible to study 
the cure from inception to completion on the same specimen. 
Viscosimetric methods and gel time determination are fre- 
quently used for cure rate measurement, but they deal with 
the first part of the cure only and, as will be shown later, 
are not clearly related to the rate of cure. 

This paper deals with the measurement of cure rates by 
refractometry. When a resin cures, it shrinks, thereby in- 
creasing both its density and its refractive index. The in- 
crease of refractive index can serve as a measure for the 
extent of the cure. 


The Equipment 

An Abbe-type refractometer was used throughout in this 
work. This instrument combines high accuracy (+ 0.0001) 
with ease of handling and thermostating. Furthermore, the 
sample is protected from access of air and moisture and, most 
important, such a small amount of sample is used that the 
exotherm is entirely negligible. 

Special provisions were needed to prevent adhesion of the 
cured resin to the refractometer prisms. Though mold-release 
agents were usable, their application was difficult and not 
fully reliable. A better way was found in covering the prisms 
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This article outlines a new 
method for testing cure per- 
formance of epoxy resins and 
curing agents. Results are pre- 
sented in the form of rate 
curves. Effect of curing agent 
concentration, influence of 
aqueous, aliphatic, and aroma- 
tic hydroxyl groups on the 
cure rate and the temperature 
dependence of the reaction are 
also reported 


with pieces of thin plastic film. Polyvinylidene chloride film 
(Saran) was used over the measuring prism and polytetra- 
fluoroethylene film (Teflon) over the illuminating prism. This 
arrangement is usable even at high refractive indices, the 
upper limit being set by the refractive index of the Saran 
film (n*, = 1.60). Experimental details of the technique 
are given in the appendix. 

To carry out a cure rate determination the curing agent is 
added to the epoxy compound and mixed in carefully. Two 
drops of the mixture are placed on the protected refracto- 
meter prism. Measurements are started after one minute and 
repeated as desired without removing the specimen. 

If determination of the gel time is desired, this is done 
on a few drops of the mixture in a test tube immersed in the 
thermostat that serves the refractometer. This method is 
described in the appendix. 


Presentation of Results 

Piperidine was the preferred curing agent in the initial 
part of this work because of its conveniently slow reaction 
rate. Some representative data obtained with this and other 
curing agents appear in Table 1. It should be noted that 
there is, in most cases, an immediate increase of the refrac- 
tive index over the value calculated from the refractive in- 
dices of the components. This is probably caused by hydro- 
gen bonding of the amine and ceases after a few minutes. 
In the table, values for “Refractive Index at Mixing Time” 
and “Refractive Index at Zero Time” are given, the former 
referring to values calculated from the components, the lat- 
ter to values obtained from experimental data by extrapo- 
lation in such a way that the hydrogen bonding effect is 
eliminated. Values for the increase of refractive index from 
“zero time” to “gel time” and from “zero time” to “final 
resin” (i.e., after 24 hours at 65°C) are also given in the 
table. 

Two facts of interest are apparent: First, the total increase 
of the refractive index (from “zero” to “final”) is nearly the 
same for all secondary and tertiary amines, namely approxi- 
mately 280 units of the 4th decimal place, whereas primary 
amines give higher values of approximately 400 and a mixed 
primary-tertiary amine an intermediate figure of 360. This is 
explained by different reaction mechanisms; primary amines 
form C-N bonds, but secondary and tertiary amines pre- 
dominantly form C-O bonds in the process of curing. And 
secondly, the gain from “zero time” to “gel time” varies 
considerably for different curing agents and does not corre- 
late well with the total gain. It was concluded that gel times 
should not be used to describe cure rates. 
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Figure 1. Cure of Epon 828 with different amounts of 


Refractive Index Curves and Cure Rate Curves 

Figure 1 shows curves obtained by plotting the increase of 
refractive index of various mixtures of Epon 828 and piperi- 
dine versus time. S-shaped curves resulted. Presentation of 
curves not conforming to a constant slope are difficult to 
compare. 

A more meaningful way of expressing the result of a cure 
experiment consists in reading from the refractive index 
curve (such as shown in Figure 1) the time required to in- 
crease the refractive index to a value halfway between zero 
time value and final value. This time is called “half time” and 
is shown, together with the gel time, in the last columns of 
Table 1. The half time expresses something related to the 
cure rate by a finite number, regardless of the shape of a 
particular cure curve. 

A better way of evaluation is possible by plotting the 
“cure rate” expressed as the increase of refractive index per 
minute against the cumulative gain of refractive index, also 
called “conversion”. Curves of this type are shown in Figures 
2, 3, 4, 6, 8, and 9. Note that in this type of presentation the 
reaction time does not appear as a coordinate; however, the 
reaction times are indicated by markers and numerals along 
the curve. Gel points are likewise indicated on these curves. 

Primary Amines. Figure 2 shows the rate curves obtained 
with Epon 828 and 2 diprimary amines, ethylenediamine 
and hexamethylenediamine. Commencing at a very rapid rate, 
they lose speed rather quickly, even before the gel point is 
reached, and thence degenerate to a very low rate which 
continues for a long period of time. 

A primary aromatic amine, m-phenylenediamine, on the 
other hand, performs quite differently; its cure rate curve, 
Figure 4, is similar to et of a secondary or tertiary amine. 

Secondary Amines. Cure rates of Epon 828 with 2, 4,6 
and 8 phr ( parts per hundred parts of resin) of technical 
piperidine are presented in Figure 3. Points obtained after 
equal cure times have been connected by broken lines. These 
curves indicate clearly that the curing agent piperidine has 
an autocatalytic effect; the rate increases during the first 
hours, well beyond the gel point, goes through a maximum 
and decreases after solidification has taken place. Finally, 
though after very different times, all curves arrive at the 
same point indicating that the final extent of cure is inde- 
pendent of the amount of curing agent. 

Tertiary Amines. Tertiary amines have cure rates similar 
to secondary ones as illustrated by the rate curve for tri- 

ethylamine, Figure 4. 


Influence of the Amount of Curing Agent 
An example for the effect of the amount of curing agent 
has been given in Figures 1 and 3. If one determines the half 
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Figure 2. Cure rates of primary amines 

A. Epon 828 + 5 PHR ethylenediamine 
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time for these curves and plots the reciprocal half time 
against concentration of the curing agent, a straight line is 
derived. (Figure 5.) Graphs of this kind can be used to de- 
termine the most desirable concentration of a curing agent. 


877 

















PERCENT PIPERIDINE IN MIXTURE 





| 
4 4 J 





0 


0.0 0.1 0.2 0.3 0.4 
RATE OF CURE, EXPRESSED AS RECIPROCAL HALF-TIME, IN HOURS 


Figure 5. Rate of cure as a function of catalyst ncentration in the 


system Epon 828 + technical piperidine 


Influence of Hydroxyl Groups. When the curing agent is 
a secondary or tertiary amine, the influence of hydroxyl 
groups on the cure rate becomes very prominent (3, 4). Hy- 
droxyl may be present in the form of water, as aliphatic al- 
cohol or as phenol. The refractive index method was em- 
ployed to study such systems, as shown in Figure 6. Here, 
the middle curve refers to the system Epon 828 + 5 phr 
piperidine; addition of 1 phr water increased the cure rate 
as shown in the upper curve, whereas removal of some of 
the aliphatic hydroxyl by purification of the epoxy resin di- 
minished it to the values of the lower curve. Again, a plot of 
reciprocal half time versus hydroxy value (Figure 7) per- 
mits a quantitative presentation. 

When phenols are present, the cure starts out rapidly, de- 
creases to a minimum, then increases to a maximum and de- 
creases once more as shown in F igure 8. 


Acceleration and Deceleration of Cure. The described 
autocatalytic character of the cure curves is explained by 
the promoting effect of hydroxyl groups on epoxy polymer- 
ization by secondary or tertiary amines. If the hydroxyl con- 
centration is small at the beginning of the cure, a low initial 
reaction rate is obtained. However, this reaction creates new 
hydroxyl groups which will catalyze the reaction and thus in- 
duce an autocatalytic behavior. 

The decrease of the cure rate is a result of two factors, the 
decreasing concentration of unreacted epoxide, and the im- 
mobilization of reactive molecules by solidification of the 
resin. The second factor prevents the reaction from going to 
completion or causes an extremely slow end reaction. 


Influence of Temperature. The described experiments 
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Figure 6. Cure rates with secondary amine and different hydroxyl con- 


tents 
A. Epon 828 + 5 PHR piperidine + 1 PHR water. B. Epon 828 + 5 PHR 


piperidine 
C. Purified Epon 828 + 5 PHR piperidine. Numbers on curves indicate 


ure time in minutes 


were performed at 65 + 0.1°C under conditions which as- 
sured the absence of exotherm effects. The system Epon 
828 + 5 phr ethylenediamine was also studied at 45.0 and 
25.0°C. The results are presented in Figure 9. As before, 
numerals on the curves refer to cure times, and broken 
lines connect point of equal cure time. Diagrams of this 
form permit to work out favorable cure schedules involv- 
ing successive steps at increasing temperatures. 


Relation Between Refractive Index and 
Chemical Conversion 

Up to this point, the assumption has been made that the 
increase of refractive index parallels the progress of the 
cure and can be used as a measure for the extent of cure. 
The question remains to be answered whether there is a 
precise correlation or even proportionality between the re- 
fractive index and the decrease of the epoxy content, the 
latter being a measure for the degree of cure from the 
chemical aspect, i.e., disregarding complications by cross- 
linking. To test this relationship, epoxy determinations were 
made by infrared spectroscopy during the cure of an epoxy 
resin and simultaneously refractive index values were ob- 
tained on the same sample. The results appear in Figure 10. 
The two curves obtained are similar, i.e., they are S-shaped, 
reach a half-way point after 5 to 6 hours and a final value 
after 30 to 50 hours. However, there is no evidence that the 
gain of refractive index is proportional to the conversion. 

If one considers the allover effect of the cure including 
cross-linking, one should also compare the gain of refractive 
index with the softening point of the cured resin. A curve 
of this type is included in Figure 10; the softening tempera- 
tures were obtained on a hotpoint indentation tester (2). 


Simplified Method 


While the described method will be useful for a number 
of purposes, especially to study and compare curable ma- 
terials, curing agents and cure promoters, and to cast a light 
on the reaction mechanism of such systems, it may be too 
tedious for other applications, especially those where the 
performance of a large number of tests is desired. 

For such cases, a simplified method has been designed 
which offers the advantages, over the described method, of 
not ttilizing a refractometer for unduly long times, not re- 
quiring excessive manpower to take frequent readings, and 
not being difficult to perform by an unskilled operator. When 
this method is used, only two refractive index measure- 
ments are taken, the first one after the initial, frequently 
anomalous, period of the cure has passed and the other be- 
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Bring prisms of the refractometer to desired tem- 
perature by means of circulating warm water. Place 
a few drops of volatile contacting liquid (petroleum 
ether at 25°C, isopropyl alcohol at 45 or 65°C) on 
the measuring prism. Place a piece (2 x 1% inches) of 
% mil Saran film (a) on prism and press down with a 

*) The grade of film used for this work is apt to become elec- 
trically charged and, in this condition, picks up dust rapidy. 
To avoid this, use fresh film from original roll. 
finger to remove wrinkles and excess liquid. Allow 
contacting liquid to evaporate for about % hour. The 
film should cling to the prism without showing 
wrinkles or blisters. Place a rectangular paper frame 
(1% x 1% in. outside, 1% x % in. inside, cut from writing 
paper, .004 in. thick) over the Saran film. This serves 
as a spacer. Place two drops of the sample to be 
measured on the Saran film inside the frame. Cover 
with Teflon film (2x 1% x 0.002 in.) in such a way 
that the rougher side of the film is toward the sample 
and the striation of the film parallel to the smaller 
side of the prism. (b) Close the prisms and start 

» The opacity and striation of the film are essential; they in- 
crease the aperture of the incident light to the necessary 
values. 
measurements immediately. If the field is too dark, 
use a strong flashlight held directly against the il- 
luminating prism. As an alternative, indirect illum- 


The Procedure—Cure Rate 


(Complete Method) 


ination can be used as per instructions supplied 
with the refractometer. 

Toward the end of the cure, especially in the 
presence of curing agents of high refractive index, in- 
terference fringes (c) will be observed. They de- 


©) The fringes are probably caused by interference of a light 
beam coming from the sample/Saran interference with another 
one coming from the Saran/glass interface. Two sets of fringes 
appear as the result of the birefringency of the Saran film and 
appear superimposed. The polaroid filter eliminates one of 
the sets, according to position. 


crease the accuracy of the measurement slightly; the 
use of a polaroid filter over the ocular of the refrac- 
tometer, when oriented in the proper direction, was 
found to improve the situation considerably. 


The Procedure—Gel Time 

A few drops of the sample are placed into a test 
tube of 75 mm length and 8 mm internal diameter. A 
glass rod of 100 mm length and 7.0 to 7.2 mm diamet- 
er with a well rounded end is inserted, thus forming an 
epoxy resin layer of not more than % mm thickness 
between rod and wall. The tube is inserted in the 
water bath that controls the ternperature of the re- 
fractometer and checked at frequent intervals by 
pulling the rod. Appearance of severe stringiness in- 
dicates the gel point. This test is run in duplicate, 
the second tube being left untouched until the first 
one shows gelation. 








Weigh 10.00 g epoxy resin into 30 ml beaker. 
Suspend beaker inside 4 oz jar and fill space around 
beaker with oil. Place jar in oven until epoxy resin 
is at 65.0°C. 

Weigh out 1.40 g of pure m-phenylenediamine on 
a piece of Teflon film. Remove jar with beaker from 
oven, add phenylenediamine, start timer, stir for 4 
minutes holding jar in hand in such a manner that 
the paddle wipes sides and bottom of beaker. The oil 
jacket will maintain the temperature above 60°C 
ascertaining ready solubility of the curing agent. 

Place two drops of the mixture on the prism of the 





The Procedure—Cure Rate 


(Simplified Method) 


refractometer. Be sure that the water has been cir- 
culating at the correct temperature for at least 30 
minutes to bring prisms to temperature. 

Take first reading of refractive index (n»") exactly 
10 minutes after addition of the curing agent. 
(ie wee) 

Take a second reading exactly 70 minutes after ad- 
dition of the curing agent. (ne"mis). Clean refrac- 
tometer prisms immediately with methyl isobutyl 
ketone. 


Report 


Refractometric cure rate (ee te 0 ned ee 








fore the sample gels. Obviously, removal of the sample be- 
fore gelation makes the protection of the refractometer prisms 
by film covers unnecessary. On the other hand, a prelimin- 
ary study of the system in question by the elaborate method 
will be useful to determine the proper time limits. 

This method has been worked out for the system Epon 
828 + 14 phr m-phenylenediamine at 65°C. The results of 
the preliminary study are presented in Figure 11. It was 
concluded that the best time for tue first reading was at 10 
minutes after mixing and the proper time for the second 
reading at 70 minutes after mixing. Since gelation occurs 
approximately 110 minutes after mixing, there is an ample 
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margin of safety. The result is expressed by the difference of 
the readings, namely (n™ 7 min — 1” 1 min) 1O*. This value 
is called “Refractometric Cure Rate”. The reproducibility of 
the results is within + 2 units. A complete description of the 
simplified method is given in the appendix. 


Conclusion 

Refractometry can be recommended as a tool for determin- 
ing cure rates and conversions of epoxy resins. A somewhat 
elaborate method is suggested where measurements from 
inception to completion of the cure are required or when 
the behavior of the sample is not thoroughly known. A sim- 
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Figure 10. Cure of Epon 828 with 5 PHR piperidine 


plified method is recommended for routine work such as 
quality tests on epoxy resins and curing agents. 
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Plastic Radomes at Elevated Temperatures 
Theory and Practice 


W ith the rapid upward trend in speeds of manned air- 
craft, guided missiles, and even satellite-launching vehicles, 
operation of radomes at elevated temperatures has become 
a necessary practice. The resultant sharpening of both gov- 
ernment and industrial interest in the possible uses of ce- 
ramics for radomes makes it particularly appropriate that we 
reexamine and reappraise the position of high-temperature 
plastics in this field. 

Since elevated temperature is the big obstacle to the use 
of reinforced plastics in radomes and thermal-shock the chief 
drawback to the use of ceramics, the nature of the probable 
modes of flight operation should be examined. Two modes— 
long duration flight at subsonic and transonic speeds, and 
long duration flights at lower supersonic speeds—do not 
pose too great a problem for reinforced plastics. Therefore, 
the four newer modes of intended flight will be discussed 
below. The graphs below were plotted from data developed 
from calculations based on the methods of Gatewood (1) 
and Hill (2). Similarly the temperature gradients built up 
across the radome-wall section were deduced from the 
preceding data and used to calculate the critical stresses at- 
tributable to thermal-shock for the competing ceramic 
radome cases. The methods of Gatewood (1) and Hill (2) 
were used here also. For this purpose, the simpler, but 
overly pessimistic condition of complete physical restraint 
of the analysis model was assumed. The resultant thermal- 
stress figures then were reduced to stress-to-weight ratio form 
and compared graphically with the strength-to-weight ratio 
figures for the ceramic material. Thereafter, even a cursory 
inspection of the resultant thermal-shock criteria, super- 
imposed on Figures 1, 2, 3, and 4, clearly demonstrates 
the critical nature of thermal-shock in the competitive 
brittle ceramic constructions. 





MATERIALS OUTLOOK 


ark « ss 
upper limits of stable operation can be pushed 
above 600°F, use of reinforced plastics on long- 
duration supersonic aircraft is possible. Plastics, 
however, will have to contend with competition 
from the more stable ceramics. 


AND... 
the most likely usage for plastics in hypersonic 
flight is apt to be as a non-carbonizing, non-stress- 
bearing ablative coating, applied to the outer sur- 
face of a ceramic radome. 


Be «sc 
plastics will probably take over in the ballistic- 
reentry situation. Reason: The short-duration of 
this extreme exposure favors the ablation charac- 
teristic of plastics. 


FOR THE FUTURE, THOUGH... 
the best approach seems to be the development of 
inorganic laminates of heat-stable ceramic re- 
inforcing fibers, coupled with some form of com- 
patible, tough, inorganic-impregnating cement or 
other bonding matrix. 
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Possibility for the future: Ceramic- 
fiber-wound-roving type of rein- 
forced inorganic laminate structure 


for plastic radomes 


Long-duration Flight at the Lower Supersonic Speeds 
(more than 20 minutes at speeds of Mach 3.5 or less). 


Referring to the lower curve of Fig. 1, it is noted that the 
outer-skin surface-temperatures rise at a modest rate, pass- 
ing the conventional steady-state limit in approximately 30 
seconds. As flight continues, the outer-surface temperature 
continues to rise toward a crest temperature of about 700°F, 
until modified by incipient ablation. It is noteworthy that 
the inner-surface temperatures rise more slowly and ap- 
proach a somewhat lower crest temperature determined 
by the degree of inner-surface cooling provided. This curve 
then also serves to justify the previously acknowledged ac- 
ceptability of operating low-temperature plastics in short- 
duration flights of outer-surface temperatures which are well 
above steady-state operating limits. On the other hand, ref- 
erence to the upper curve of Fig. 2 shows that both the 
inner and outer surface temperatures rise almost in unison 
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at a mild rate toward a crest temperature in the vicinity of 
520°F. Only negligible thermal-stress is built up in the wall. 


Short-duration Flight at Hypersonic Speeds (up to 20 min- 
utes at speeds near Mach 6). 


Reference to the lower curve of Fig. 2 shows that the 
outer-surface temperatures rise rapidly toward a theoretical 
crest temperature of 2000°F, until modified by ablation 
(after about 20 seconds). This rate-of-rise is so rapid that 
the outer surface is ablating long before any appreciable 
temperature-change occurs at the inner surface. Similarly, 
it is noted that the ceramic radome surface temperatures 
rise very rapidly toward a crest temperature in the vicinity 
of 2000°F. But, while even the ultimate crest temperature is 
well within the steady-state operating limits of the ceramic, 
the build-up of thermal-stress is dangerous. 


Long-duration, Boost-glide Flight at Hypersonic Speeds 
(more than 20 minutes at speeds near Mach 10). 

The lower curve of Fig. 3 traces a situation for the plastic 
radome which is almost identical to the hypersonic flight 
mode. Only the theoretical crest temperature, toward which 
it is directed, differs. In this case the crest temperature 
reaches approximately 3000°F instead of the previous 
2000°F but even this makes little difference, since ablation 
takes over at roughly the same point in each case. On the 
other hand, the ceramic radome-surface temperature curves 
(both outer and inner) rise almost coincidentally at a 
modest rate toward a crest temperature near 3000°F. Only 
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a modest peak of thermal-stress is built up about 40 seconds 
after commencement of the boost-glide flight mode. Its peak 
is well below the radome’s static pst: No appreciable 
strength reductions from thermal causes are withi 

the 100-second transient period examined, but some 
strength reduction at the crest temperature reached later in 


the flight is expected. 


Short-duration Ballistic Reentry at Hypersonic Speed (in 
excess of Mach 12). 


Inspection of the lower curve of Fig. 4 again exhibits a 
pe similar situation to that “masa | for plastic radomes 
in the preceding hypersonic and boost-glide flight modes. The 
rise in temperature begins earlier and thereafter proceeds in a 
somewhat more linear fashion vatil the onset of ablation modi- 
fies it. The total expected duration of the heating cycle, how- 
ever, is much shorter than those of the preceding two flight 
modes, thereby making the situation more favorable to 
usage of plastics. In contrast to this, the upper curve of 
Fig. 5 exhibits a catastrophic rate-of-rise of both ceramic- 
surface temperatures and thermal stess, which far exceed 
the indicated limits of the ceramic material, at least in its 
unprotected form. 


Dielectric Stability Considerations 

As indicated in earlier paragraphs of this paper, there is 
another major factor to be considered. While physical in- 
tegrity must be given first concern, practical operation also 
demands stability in the electro-optical performance of the 
radome. Prerequisite to practical design for such stability 
is the selection of materials whose dielectric constant and 
loss tangent remain reasonably stable with varying tempera- 
ture. Obviously, there is no point in working out a carefully 
corrected guidance radome design for room temperature if 
that design performance is lost immediately on rising to 
operational temperatures. This is particularly true when one 
recognizes that operations’ temperatures vary with every 
change of trajectory, and even vary from point to point 
over the radome. 

Thus, it is seen that a stable dielectric constant is particu- 
larly essential to those critical elevated-temperature radome 
applications in support of precision guidance radar usage. 
An idealized target figure for such stability is that dielectric 
constant of a plastic should vary no more than 2% over the 
operating temperature range. A corresponding figure for 
ceramics would be 3%. Actually, thickness changes, associ- 
ated with temperature changes, affect these target figures 
also. Hence, an idealized objective would call for a com- 
pensatory decrease of dielectric constant for any tendency 
of the material to expand with temperature. The reverse 
would be true for contraction of the material with tem- 
perature change. 


Conclusions 

Whether plastics win out over ceramics, for supersonic 
and hypersonic missiles and aircraft, will depend upon the 
vigor with which development effert is pushed in each area. 
There is realistic potential evident in both fields, but the 
greatest potential appears to lie in a merging of the two 
approaches into some form of tough ceramic-fiber wound- 
roving type of reinforced inorganic laminate structure. 
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Interfacial Properties of Polyesters 


at Glass and Water Surfaces ' 


One of the principal problems in the construction of 
glass-fiber reinforced plastics is the adhesion between the 
resin and glass fiber. Failures in reinforced plastics appear 
to occur in many cases at the resin-glass interface, that is, in 
adhesive failure. Therefore, an investigation has been made 
of some of the fundamental properties of adhesion applicable 
to resin-glass fiber systems in reinforced plastics. 

Interfacial studies have indicated correlations between 
experimental data and actual performance. Glazer (6) con- 
ducted monolayer studies on epoxy type molecules and their 
derivatives and found by comparison of film collapse 
pressures that the hydroxyl group exhibited superior ad- 
hesive properties towards aqueous subphases. Studies by 
deBruyne (2) on several epoxy resins derived from bis- 
phenol and resorcinol indicated correlation between the 
adhesive action of these resins and their hydroxyl group 
content. Some possible effects of chemical composition and 
structure on adhesion were indicated by the adsorption 
studies of Murphy and Page (13). The work of Jenckel and 
Rumbach (9), and of Koral, Ullman and Eirich (11) in- 
dicates that adsorbed polymer is attached to the solid surface 
in a coiled configuration, with portions of the molecule 
extending away from the solid surface as bridges. 

In this article two approaches to the investigation of 
interfacial relationships are reported. One is a study of the 
behavior of stearic acid and polyester monolayers on aque- 
ous subphases, carried out with a Langmuir film balance. 
The other is a study of the adsorption of polyester resins 
on glass, silica, and alumina. A more detailed report on 
the polyester adsorption and a comparison with other 
systems have been previously made (15). 


Monolayer Studies 

A very small quantity of an insoluble, non-volatile or- 
ganic material, such as an oil, may or may not spread to 
form a film when placed on the surface of a liquid of high 
surface tension or free surface energy such as water. The 
ability of the oil to spread is determined by free energy 
changes accompanying the process. Fortunately, from a 
practical standpoint, the capacity of the oil to spread on a 
water surface can be expressed in terms of the work of ad- 


'This work was conducted, in part, under a project sponsored by the 
Bureau of Aeronautics, Department of the Navy. 
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hesion, Wa, and cohesion, Wc. These energy terms may be 
used to define the spreading coefficient, S (7,8). The de- 
finition of S is 


(= : : 
(l) S=—{—j] =—Wa— We, 
aA/ ps 

where F is the free energy of the system, A the available 
area of the subphase, Wa the work of adhesion between 
the oil and water, and Wc the work of cohesion of the oil. 
The spontaneous spreading of the oil to form a film re- 
quires a decrease in the free energy of the system. As 
shown in Equation (1), this energy decrease can occur 
only if S is positive or the work of adhesion is greater than 
the work of cohesion. If the oil spreads, the film existing 
after mutual saturation of the oil and water phases is usually 
a monolayer. 

If the energy associated with a surface is considered to 
be the surface tension, the difference between the surface 
tension of the clean and monolayer-covered water may be 
defined as the surface pressure, « (1, 7). The expression 
for aw is 
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where y. is the surface tension of the pure water and y, 
that of the water covered with a monolayer of oil. 

Many polar- organic molecules spread to form mono- 
layers on aqueous subphases. The spreading characteristic 
of these molecules permits the use of surtace film tech- 
niques for investigating the interfacial properties of simple 
and polymeric organic molecules. Some of the properties 
that may be studied are the molecular size, relative adhe- 
sive and cohesive forces, and molecular orientation. 

The interfacial characteristics of monolayers are usually 
studied with the surface film balance. Figure 1 shows 
diagrammatically the horizontal film balance. The essential 
parts of the apparatus are a large tray that contains the sub- 
phase liquid, a movable. barrier to compress the mono- 
layer film, and a sensitive device, the float, to measure 
small changes in the surface pressure. The data collected 
are graphically represented as surface pressure-area, 7-A, 
isotherms. These isotherms are used to determine the inter- 
facial properties of simple and polymeric organic molecules. 

Before examining the experimental isotherms, the main 
characteristics of z-A isotherms and their relation to mole- 
cular properties will be discussed (1). In many cases the 
molecules of the monolayer are arranged in a simple man- 
ner, and the interfacial characteristics of the molecules are 
relatively simple. For example, the two-dimensional mono- 
layer may have properties that are similar in many respects 
to one or all of the principal states of matter in three 
dimensions. The fundamental types of monolayer isotherms 
commonly observed are shown schematically in Figure 2. 
Isotherm I is obtained from condensed or solid films where 
the molecules are closely packed and the intermolecular co- 
hesion is high. Isotherm II demonstrates the type obtained 
from liquid type films. These films are still coherent but oc- 
cupy relatively large surface areas. Isotherm III is repre- 
sentative of gaseous type films where the molecules are 
separate and move about independently on the surface. 
These film types are best classified according to the lateral 
cohesion between the molecules. However, the stability of 
the monolayer to lateral compression is determined by the 
combined effects of intermolecular cohesion and the at- 
traction or bonding between the film molecules and the 
subphase. 

A horizontal surface film balance was used to investigate 
the monolayer properties of several simple and polymeric 
organic molecules of the type shown in Figure 3. A portion 
of the data ebained is graphically represented as surface 
pressure-area isotherms in Figures 4, 5, 6. 

The isotherm in Figure 4 ices the interfacial character- 
istics of a stearic acid monolayer on distilled water. This 
isotherm is of the condensed type, except at very low sur- 
face pressures, indicating that the intermolecular cohesion 
is high. The limiting area of 24-9A* per molecule was ob- 
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tained by extrapolating from the region of low compressi- 
bility to zero surface pressure. This value is approximately 
the area occupied by the carboxyl group. Thus, the mole- 
cules are rather closely packed. Unbranched long chain 
acids packed in this manner have their hydrocarbon 
chains inclined to the subphase surface since the molecules 
are anchored in the subphase by the polar end group, 
— COOH. If, however, the stearic acid is spread as a mono- 
layer on a M/2000 CaCl, subphase, the monolayer char- 
acteristics (Figure 5) are not the same as on distilled water. 
At surface pressures below 0.5 dynes/cm, the monolayer is 
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Figure 4. Surface pressure-area isotherm of stearic acid on 
distilled water at 25.0 + 1.0°C. 
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Figure 5. Surface pressure-area isotherm of stearic acid 
on calcium chloride solution at 25.0 + 1.0°C. 
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of the expanded type, but at pressures between 2-16 
dynes/cm the film is of the condensed type. For surface 
pressures above 16 dynes/cm the monolayer exists as a 
solid film. The limiting area per molecule for a molecule in 
the solid film is 20-3A*. This value agrees very well with 
the theoretical value of 20-5A* (10, 16) for a closely pack- 
ed stearic acid monolayer. In the solid film the hydrocarbon 
chains of the molecules are nearly perpendicular to the 
subphase surface. 
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The monolayer properties of linear saturated polyesters 
are quite unlike those of the straight chain organic acids. 
The monolayer characteristics of two linear saturated poly- 
asters, differing chemically by two methylene units per 
segment, poly(ethylene succinate) and ediriofinlets adi- 
pate) are compared to each other and to stearic acid on 
distilled water subphases in Figure 6. For these isotherms 
the area axis is expressed as m*/mg since the exact mole- 
cular weights of the polyesters were not known. The isotherm: 
show that the polyester molecules are more compressible 
than those of the organic acid. In addition, it is interesting 
to note the markedly different monolayer properties of the 
two polyesters. At surface pressures below 0.4 dynes/cm the 
poly(ethylene adipate) monolayer is the gaseous type, but 
at higher pressure is transformed into the liquid expanded 
state. On the other hand, poly(ethylene succinate) remains 
in a highly expanded state up to monolayer collapse. At 
very low pressures the stearic acid monolayer is the ex- 
panded type, but transforms rapidly into the condensed 
state at higher surface pressures. 


Adsorption Studies 


Linear saturated polyesters of different chemical com- 
position, with number average molecular weights of the 
order of 4000, were adsorbed onto glass, silica, and alumina. 
The study was confined to adsorption from dilute solutions, 
where polymer adsorption has received theoretical treat- 
ment by Simha, Frisch, and Eirich (3, 4, 5, 14). 

The glass adsorbent was Type-E glass, the type most 
commonly used in glass-fiber-reinforced plastics. Glass 
marbles were ground in a ball mill to pass through a U. S. 
Standard Screen No. 325 (44 micron holes). The resulting 
powder was nonporous and had a Brunauer, Emmett, 
Teller (B.E.T.) surface area of 0.68 m’*/g. The silica was 
a type used as a reinforcing agent for rubber (Cab-O-Sil) 
with an average particle diameter of 15 to 20 millimicrons 
and a B.E.T. surface area of 190 m*/g. It also was non- 
porous. The alumina was a porous material with a B.E.T. 
surface area of 210 m’/g. 

The procedure usually followed was to add a polymer 
solution to the adsorbent, seal the tube, and rotate the mix- 
ture in a constant temperature bath for approximately 20 
hours. After adsorption the mixture was centrifuged and 
the concentration of polymer was determined by measure- 
ments of the carbonyl absorption band in the vicinity of 5.8 
micrens. 

The curves shown in Figure 7 show the adsorption of one 
of the polyesters, poly(neopentyl succinate), on Type-E 
glass under different conditions. The polymer adsorbed 
per gram of glass powder is plotted against the final solution 
concentration. There is considerably more polymer ad- 
sorbed from the poor solvent, toluene, than from the good 
solvent, chloroform. This effect was observed with all the 
polyesters investigated. The adsorbed molecule appears to 
be tightly bound to the surface, as shown by the irrever- 
sibility of the adsorption, both from the toluene and chloro- 
form solutions. Increasing the temperature at which absorp- 
tion took place from 30° to 86.8°C brought about a de 
crease in the amount of polymer that was adsorbed from 
toluene solutions. However, no difference in the amount 
adsorbed could be measured for the temperature range 
30°-50°C for adsorption from chloroform solution. 

Inasmuch as the polymer molecule most probably exists 
as a more open structure in the good solvent than in the 
poor, it is reasonable that each adsorbed molecule would 
occupy more surface area when adsorption is carried out 
from a good solvent than when carried out from a poor sol- 
vent. This may account for the larger quantity adsorbed from 
the toluene solution. In addition, there is an increase in the 
solubility and probably in radius of the polymer mole- 


885 


ee A ot ae? SA P 




















EQUILIBRIUM CONCENTRATION, mg/m 


Figure 7. Adsorption of poly(neopenty!l succinate) onto 
type-E glass 
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@ Desorption at 30°C with chloroform 
Circle, top half solid: Adsorption from chloroform at 50°C 


cule when the temperature of the toluene solution is 
changed from 30° to 86.8°C, bringing about a decrease in 
the polymer adsorbed. As the molecule is already in an ex- 


tended condition in the chloroform solution, an increase in 
temperature from 30° to 50°C probably does not appreci- 
ably affect the polymer radius or solubility, resulting in no 
measurable change in the adsorption isotherm. 

The amount of poly(neopentyl succinate) adsorbed per 
unit surface area is plotted in Figure 8 against the equilib- 
rium solution concentration for oo. silica, and alumina. 


The adsorptions were carried out from chloroform solutions. 
The largest quantities were adsorbed on the glass and the 
smallest on the alumina. The small amount adsorbed on 
alumina may be a result of the porous nature of this ma- 
terial and the inaccessibility of portions of its internal sur- 
face area to the bulky polymer molecules. As both the 
Type-E glass powder and the silica were nonporous, it ap- 
pears that the components of the glass, in addition to silicon 
dioxide, present additional sites : the attachment of the 
resin molecules. 


Discussion and Conclusions 

The two techniques described here indicate the probable 
configuration of small polyester molecules at the glass sur- 
face and the manner by which they are attached. It was 
shown in Figure 7 that the quantity of polymer adsorbed 
per gram of adsorbent is greater from a poor solvent, toluene, 
than from a good solvent, chloroform. Assuming total surface 
coverage, the number of surface attachments per resin 
molecule is different in the two cases. The lack of desorp- 
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Figure 8. Adsorption of poly(neopentyl succinate) from 
chloroform solution onto several adsorbents 
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tion with decreasing solution concentration indicates that 
these attachments are rather strong. 

Surface pressure-area isotherms of poly(neopentyl suc- 
cinate) on distilled water show that a monolayer film of the 
resin in a condensed or closely packed state occupies an 
area of 2.10 m*/g or 0.48 mg/m* (12). The molecules lie 
flat on the water surface and are attached by the ester groups. 
It can be seen from Figure 8 that a sufficient quantity of 
this resin is adsorbed onto glass from chloroform solution to 
form a closely packed monolayer film at anh equilibrium 
concentration of 0.5 mg/ml. At an equilibrium concentra- 
tion of approximately 5 mg/ml, 0.85 mg/m* are adsorbed 
from this solvent. This would correspond to slightly less than 
two monolayers. Assuming attraction to the glass surface 
through the ester groups, the total amount of polymer ad- 
sorbed at this higher concentration can be accounted for by 
some distortion of the molecule away from the glass. 

In the case of adsorption from toluene, a poor solvent, 
the amount of polymer adsorbed onto glass at an equilibrium 
concentration of about 5 mg/ml would to ap- 
proximately 4 to 5 monolayers. The curve has not reached a 
plateau at this concentration (Figure 7) and even more 
polymer can be deposited. It appears that in this case a 
smaller portion of each molecule is attached to the surface. 
The waka Koral, Ullman, and Eirich (11) with poly (vinyl 
molecular 


acetate) indicates that in the case of very hi 
chain ex- 


weight polymers, relatively large portions of 
tend into solution. 

In conclusion, it appears that the configuration of an 
adsorbed polymer molecule and the number of attachments 
per molecule on a surface such as glass are variable and 
probably molecular weight dependent. This can vary from 
what appears to be a rather flat configuration for the small 
polyester molecules from a good solvent to what are — 
ably extended, inter-associated loops for the large polymer 
molecules. It is obvious that a more detailed wledge 
of the interfacial properties described here and a measure- 
ment of the thickness of the adsorbed polymer film will be 


required to accurately evaluate the resin-solid interface. 
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o Speaking of 
ie Vacuum Feed Extrusion 
s. ; Extrusion 
of An answer to the problem of entrapped air and other gases in the 
m 
4 S 
d ince the earliest days of thermo- truded from solid thermoplastic ma- truder feed opening and sealed 
mt plastics extrusion, it has been a com- terials in powder, granule, chip, pellet, to prevent air Yeaks. 
- mon practice to feed the plastic or like form. This process involves the 2. An air-tight seal between the 
i. material, in whatever form available, feeding and melting of the thermo- cylinder barrel and the feedscrew 
aa to the extruder feedscrew at atmos- plastic material within an extruder bearing section. 
. pheric pressure. Extrudate porosity, which is modified to allow for a con- 3. A vacuum pump with adequate 
t, inadequate dispersion, and other ex- _ trolled vacuum atmosphere within the capacity to maintain a desired 
= trusion problems have been remedied system. vacuum settin 
a by preheating of the material, chang- " The following equipment is required sd 
a ing feedscrew characteristics, valving, to convert a conventional plastics ex- The most apparent improvement de- 
e etc. Recent investigation indicates a truder so that it can be used for vac- rived from vacuum feed extrusion is 
a new process—described as vacuum uum feed extrusion: the removal of entrapped air or gases. 
' feed extrusion—may help eliminate Tests indicate the system is effective 


1. An air-tight container (vacuum 


feed hopper) fitted with the 


with all types of thermoplastic com- 


‘| some of these annoying problems. 
pounds varying from highly loaded to 


Thermoplastic vacuum feed extru- 





r 
; sion is essentially a process which in- openings and controls necessary near pure resin. 
corporates a system and equipment for to control the vacuum and ma- Case history No. 1 shows the effect 

. the extrusion of thermoplastic materi- terial feed, either manually or of vacuum extrusion on a vinyl dry 
; als so that a nonporous, noncellular, or automatically. This vacuum feed blend wire covering compound which 
i controlled cellular product may be ex- hopper is fastened to the ex- was difficult to properly extrude. 
’ 
l : : : ‘ 

Case History No. 1—Extrusion Information Case History No. 2-—Extrusion Information 

Material: Plasticized Vinyl Dry Blend—Wire Cover- Material: PVC Film Compound 
ing Compound Extruder: NRM Induction Heated, 2.5” Diameter, 

Extruder: NRM Induction Heated, 2.5” Diameter, 20:1 L/D 

20:1 L/D Die: %” x 3” Strip 


Feedscrew: Shallow, Full Flighted 3.5 to 1 Channel 
Volume Ratio 

Screens: One 20, One 40, and One 60-Mesh 

Screw Speed: 50 R.P.M. 

Feedscrew Temperature: Ambient 

Stock Temperature: 375°F. 

Output: 90 #/hr. 

Gage Pressure at Screen Pack: 900 P.S.I. 


Die: %” Diameter Rod 

Feedscrew: Deep, Full Flighted, 2 to 1 Channel 
Volume Ratio 

Screens: One 20-Mesh and One 40-Mesh 

Screw Speed: 38 R.P.M. 

Feedscrew Temperature: Ambient 

Stock Temperature: 340°F. 


With no vacuum being applied to the feed system, 
the extrudate rod was very porous. With 23” Hg. 
vacuum applied to the feed system, the extrudate rod 
was completely homogeneous. Output was approxi- 
mately 98 #/hr. 

Case history No. 2 shows the same improvement 
on a non-loaded, clear PVC film compound. 


The photo shows the uniform homogeneous ex- 
trudate which was produced with a vacuum of 25” 
Hg. In contrast, the extrudate sample made with no 
vacuum was of poor quality and filled with bubbles. 
Without vacuum, increasing the screen pack density 
and introducing 
cooling water to 
the feedscrew 
improved the 
extrudate qual- 
ity some, but at 
the expense of 
Sisal output. 

Recent _ tests 
on a high speed 
2.5” NRM ex- 
truder have pro- 
duced outputs of 
over 300 #/hr. 
at about 200 
rpm vacuum 
feeding a _plas- 
ticized vinyl dry 
blend. 
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SPEAKING OF EXTRUSION 














Case History No. 2-Continued 


Photo below shows considerable improvement in 
dispersion resulting from vacuum feed extrusion. 
Because the material is compacted immediately in 
the feedscrew, the effective length of the extruder 
is increased. However, there is an even more import- 
ant improvement which results from vacuum feed 
extrusion. In normal extrusion, air or gas entrap- 
ment make it difficult to apply uniform mechanical 
working to the plastic particles surrounding the 
voids. By eliminating the voids, all particles are sub- 
jected to the same amount of mixing action, thus aid- 
ing the dispersion process. 


Case History No. 3—Extrusion Information 

Material: Plasticized Vinyl Dry Blend 

Extruder: NRM Resistance Heated, 3.5” Diameter, 
20 to 1 L/D 

Die: %” x 4” Stri 

Feedscrew: Shallow, Full Flighted, 3.8 to 1 Channel 
Depth Ratio 

Screens: One 20-Mesh and One 40-Mesh 

Screw Speed: 78 R.P.M. 

Feedscrew Temperature: Ambient 

Stock Temperature: 340°F. 

Gage Pressure at Screen Pack: 800 P.S.I. 

Output: 450 # /hr. 





Normal extrusion conditions produced an extrudate 
strip exhibiting poor carbon black dispersion, rough 
suriace finish, and some porosity. Applying a vacuum 
of 25” Hg. to the feed system improved the surface 
finish, dispersion, and removed the voids. 

The limiting factor in the extrusion of hi-impact 
polystyrene sheet at high output rates has been the 
reduction in quality as the feedscrew speeds are in- 
creased. The imperfections may appear as small pock 
marks, streaks, and bubbles. They are usually caused 
by entrapped air, or small amounts of moisture which 
are not removed from the material. Tests have shown 
(case history No. 4) that vacuum feed extrusion of 
good quailty hi-impact polystyrene sheet can be 
achieved at output rates much xs pes than can nor- 
mally be produced under normal atmospheric feed 


conditions. 
Case History No. 4—Extrusion Conditions 


Material: Hi-Impact Polystyrene 

Extruder: NRM Resistance Heated 3.5” Diameter, 
20:1 L/D 

Die: NRM 42” Manifold 

Feedscrew: Dulmage 

Screens: 20, 40, and 60-Mesh 

Screw Speed: 72 R.P.M. 

Feedscrew Temperature: Ambient 

Stock Temperature: 375°F. 

Output: 281 #/hr. 

Gage Pressure at Screen Pack: 900 P.S.I. 











Conclusions 


Thermoplastic vacuum feed extru- 
sion is a relatively new approach to 
solving some of the problems which 
are present in the thermoplastics ex- 
trusion industry. The industry should 
look upon this process and the related 
equipment as a new tool to assist them 
in producing a better product at a 
lower cost. 

This process should not be confused 
or directly compared with the vented 
extruder. In the thermoplastic vacuum 
feed extrusion process the air, and heat 


released gases, and smal] amounts of 
surface volatiles are removed before 
or as soon as the thermoplastic begins 
to melt; whereas, in a vented extruder 
the thermoplastic material is com- 
pletely molten before it is delivered to 
the venting section. 

It has been found that the following 
advantages can be gained from the 
use of ee thermoplastic vacuum feed 
extrusion process: 


1. Removal of air, heat released 
gases, and small amounts of mois- 
ture. 


. Less extrudate swell at the die. 

3. Under some conditions the deg- 
radation of material within the 
extruder and die can be reduced. 

. Higher feedscrew speeds and 
greater output. 

5. Predrying of material not as cri- 
tical (in some cases it may be 
eliminated ) . . 

. Reduced surging. 

. Powder materials and dry blends 
are densified and feed better. 

. Better dispersion of solids and 
additives. 





edited by Bruce H. Maddock, Union Carbide Plastics Co. 
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PRODEX 
PRODUCTION RATES 


...as reported by customers! 


HP 
Vinyl tubing from dryblend 
Linear Polyethylene monofilament 
Polyethylene blown bottles 
ABS Sheet, vented 
Rigid viny! pipe from dryblend 
Polyethylene on cellophane 
HF 

Vinyl garden hose 
Polyethylene pipe 
Roll cast polypropylene film 

60 H.P 
High impact polystyrene sheet, vented 
Cellulose butyrate sheet, vented 


Vinyl coated on wire 


WRITE FOR 50 PAGE ILLUSTRATED BULLETIN E-3 


PRODEX CORPORATION 
FORDS, NEW JERSEY © Phone HILLCREST 2-2800 poeealon? 


IN CANADA: Barnett J. Donson & Associates, Ltd, 1912 Avenue Rood, Toronto 12 ALWAYS A YEAR AHEAD 
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YOU SAVE MORE ON MOLD COSTS 
WITH OVER 6,000 D-M-E STANDARD 
MOLD BASES TO CHOOSE FROM 


Largest Selection Saves You 
Time and Money 


Whether it’s a one-cavity “‘test” mold 
or a 60-cavity high production run, 
chances are D-M-E has the right size 
Standard Mold Base to fit the job 
and the molding machine. 

D-M-E’s 32 standard sizes, up to 
23°4" x 35%", with 100 standard 
cavity plate combinations for each 
size, give you the largest selection of 
carbon or alloy steel standards avail- 
able from any single source. 


Save on Design Time, Moldmaking 
Time, Replacement Parts and Delivery 


Design time is reduced by using 
D-M-E’s full-scale Master Layouts 


and Catalog of specifications and 
prices. Moldmaking time is reduced 
because all D-M-E plates are preci- 
sion ground flat-and-square, ready 
for cavity layout and machining. Ex- 
clusive interchangeability gives you 
the added saving of immediate re- 
placement of any component part. 
And D-M-E’s seven branch offices 
and warehouses are always fully 
stocked with Standard Mold Bases 
and components to meet your de- 
livery requirements. 


Cut Costs on Your Next Program 


Start saving on your next moldmak- 
ing program, no matter how large or 
small. Take advantage of D-M-E 
Quality, Service and Economy. 





FASTER DELIVERIES 
FROM COMPLETE STOCKS 


for IMMEDIATE DELIVERY. 





Over 1,000 D-M-E Standard Mold Bases 
always IN STOCK at local D-M-E Branches 


DIME 
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THERE’S NO SECRET 
To a Fine Finish... 


With D-M-E’s Line of 
Mold Polishing Supplies 


Polishing mold cavities to a 
high lustre that is imparted to the 
molded piece was once “a well- 
guarded secret.” But with D-M-E’s 
complete line of mold polishing 
supplies moldmakers are able to 
attain the particular finish re- 
quired by the part. 

With D-M-E Diamond Com- 
pound, mirror finishes are pro- 
duced in less time and at less cost. 

Other time and money saving 
items for your polishing depart- 
ment include: D-M-E’s Felt Pol- 
ishing Kit, Abrasive Stones, Mold 
Polishing Compound, Abrasive 
Mounted Points and D-M-E-’s 
Mold Cleaner and Rust Preven- 
tive. 

START SAVING NOW... Contact 
your nearest D-M-E Branch for 
full details and prices. 


DETROIT MOLD ENGINEERING COMPANY 


e DETROIT: 6686 E. McNichols Rd.—CHICAGO: 5901 W. Division St. 
HILLSIDE, N.J.: 1217 Central Ave.—LOS ANGELES: 3700 S. Main St. 

e D-M-ECORP., CLEVELAND: 502 

e D-M-E of CANADA, Inc, TORONTO, ONT.: 156 Norseman Ave. 
59-A 


Rd.— DAYTON: 556 Leo St. 
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GEORGE E. PICKERING, AIR FORMED PRODUCTS CORP. 


you get started 


Biw molds can be produced from 
many different metals using more or 
less conventional metal processing 
equipment. The usual problems of 
cooling, machining and assembly 
diticultien weight and durability of 
the finished blow mold are as com- 
mon as they are with conventional 
molds. 


How They’re Made 

Probably the most popular process 
used for blow molds at present is 
casting—both atmospheric and _pres- 
sure casting. Almost any shape can 
be produced by the casting process. 
The process is, therefore, undoubtedly 
the most versatile and reproductive 
one available. The resulting mold, 
however, is not always the most eco- 
nomical, versatile or durable. 

Atmospheric casting has the ad- 
vantage of low equipment cost. Some 
is being accomplished on a captive 
basis. It has the disadvantages of 
porosity and lack of toughness in the 
material. This, in turn, may make 
insert work difficult to accomplish. 
Appearance details such as surface 
texture, engraving, etc. are more uni- 
form from cavity to cavity than can 
be accomplished by engraving on 
machined cavities. Atmospheric cast- 
ing has severe limitations as to the de- 
tails that can be cast. This has led to 
the development of pressure cast 
cavities. 

Pressure casting is probably the 
fastest growing process in use today 
for blow molds. It has been used 
commercially with all five of the 
metals mentioned below and experi- 
mentally with many other metals and 
alloys. 

Turning is excellent for a small 
number of small round dies. It per- 
mits the economic use of steel with 
its inherent toughness allowing the 
use of interchangeable inserts for 
maximum flexibility. The high specific 
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MOLDS FOR BLOW MOLDING 


Thinking of going into blow molding? Here are some facts which will help 


gravity is usually no problem on small 
items. 

Duplicating could be considered a 
“tried and true” process for blow 
molds. It has strongly in its favor— 
availability and predictability. On 
“crash programs” it can frequently be 
worthwhile to accept a slightly higher 
cost rather than risk a possible delay. 

Press hobbing has generally been 
too expensive a process for blow 
molds. It would be of value mainly 
where hardened steel is desired in the 
entire mold. Such a condition might 
arise on long runs using multiple 
cavities under hard usage. Processes 
having extremely fast closing actions 
or closing under injection molding 
type pressures, as used in the “mold 
and blow process”, may justify the 
added expense of hardening. 





Molds for Blow Molding and 
Injection Molding— 
Here are the Differences 


1. Blow molds use _ cavities 
only—this eliminates matching 
force plugs with cavities. 

2. Blow molds seldom, if ever, 
require hardening—a decided eco- 
nomic advantage. 

3. Material movement within a 
blow mold is a stretching rather 
than a flowing action—this reduces 
problem of weld and flow lines, 
mold erosion, trapped gas, etc. 

4. Undercuts on blow molded 
items can be stripped more easily 
than injection molded pieces—elim- 
inates need for expensive sliding 
inserts, levers, cams, etc. 
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The Materials 

Currently, most of the commercial 
blow molds have been made of the 
following metals: steel, aluminum and 
alloys, beryllium-copper, cast iron 
and cast zinc alloys. Metal spraying 
and electrolytic deposition methods 
have been utilized to a limited ex- 
tent. For the present, these are more 
or less experimental but should be 
watched carefully in the immediate 
future. 

Some work has also been done in 
making blow molds of cast plastic 
and cast plastic metal mixtures and 
with coating of these and other ma- 
terials on conventional metal molds. 
These materials have a serious handi- 
cap in low heat transfer but have the 
promise of low cost and speed of 
production. Their greatest potential: 
quick sample molds. 


Design Factors 

Of the multitude of factors affect- 
ing the design or construction of blow 
molds, the most influential is the de- 
sign of the item to be blown. Ex- 
aggerated size relationships such as 
extremely narrow or extremely wide 
tops, bottoms or mid-points are not 
only difficult to blow but the difficulty 
is frequently reflected and sometimes 
magnified in the various types of die 
construction. 

If an item is basically round and 
smooth in cross section it can usually 
be turned on a lathe. Template turn- 
ing is needed for return curves. 

The smaller the item and the fewer 
cavities required, the more reason to 
use turning to produce the mold, par- 
ticularly if high quality is wanted or 
the possibility of interchangeable in- 
serts or bottom plates is involved. 

For turned molds, inserts in either 
or in both top and bottom are re- 
quired in order to gain entrance for 
the tool in turning. Inserts, both top 
and bottom, are advisable wherever 
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high specifications such as snap fits, 
threads and push-up bottoms are 
required or ae interchangeability 
is desired. 

When several round dies with no 
inserts are involved casting might 
work out cheaper. Hobbing may be of 
value here but may be more expensive 
in the long run unless a hardened 
die is a requirement. 

Multiple cavity round dies favor 
casting, particularly if dies are side 
by side and a one-piece construction is 
feasible. One-piece construction avoids 
the problem of heat loss at the inter- 
face of insert. Variables can be ac- 
complished in casting by incorpor- 
ating inserts in the original hobs and 
making separate dies to each variable. 

Any shape that cannot be turned 
is considered irregular and is usually 
duplicated or cast. Metal spray and 
electrolytic deposition are also pos- 
sible but have not been widely used 
commercially. ; 

When a product design is frozen 
to a single style, with no variations, 
the mold making problem is greatly 
simplified and strongly favors casting. 
In many cases, however, it is desired 
to have a variety of style changes in- 
corporated in a single die. Engineers 
deplore this arrangement but econo- 
mics often dictate the end result. 

A classic example is a cylinder 
bottle with interchangeable neck in- 
serts and bottom plates affixed to 
each end of a straight cylinder. In 
this case, machining is usually the 
most economical method of con- 
struction in the long run, using steel 
throughout to resist the wear and tear 
from repeated changes in inserts. 
For irregular shapes, duplicating in 
steel would be advisable but pres- 
sure castings have also been used 
successfully in this type of construc- 
tion. 

Surface textures and engraving 
strongly favor pressure casting. 
Many effects that require expensive 
after-operations in other processes are 
obtained in pressure casting for a 
modest extra cost of detailing in the 
original hob. 

A solid blown part will require slid- 
ing pinch-off at the blow point to seal 
off the finished part. Needles may 
be introduced practically anywhere 
on a part. Additional problems arise, 
however, if, for instance, the needle 
is desired in an area adjacent to 
water lines or cooling area or at the 


top or bottom of the part requiring 
movement of the needle during the 
cycle. 

The type of machine available has 
a strong influence upon the blow 
opening used. Some machines, for 
instance, use needle blowing exclusive- 
ly, machining off the excess material 
to provide larger openings when re- 
quired. 

Single plane, vertical parting lines 
are the norm for most blow molds. In 
some cases the product is blown at 
an angle other than its normal mid- 
axis. This requires tipping of the 
cavities and can be accomplished by 
all methods of construction. 

In some cases, as with a figurine, 
it is necessary to have a parting line 
that is not in a single plane. Such 
cavities would be best cast in steel 
or beryllium copper. The casting will 
give a close miter economically and 
the steel or beryllium copper will give 
strength to the parting line to resist 
the wear and tear this type of die is 
subjected to in operation. 

A close capacity specification also 
seriously influences die construction. 
Where multiple molds are required, 
capacity from one die to another must 
be closely held. In general, some of 
the casting processes have been more 
successful in reducing this factor 
than duplicating or hobbing. For final 
capacity adjustment an inserted bot- 
tom plate, or other adjustable insert, 
is advisable. By this method slight 
changes can be made on each die in- 
sert without noticeable variation in 
finished parts. 

An interchangeable fit with other 
parts requires serious consideration in 
die construction. There are plug fits, 
screw and snap-type caps, snap beads, 
doll parts, etc. It is strongly advisable 
to use inserts for the interchangeable 
portion. This would allow for changes 
of inserts to accommodate different 
shrinkage conditions, different ma- 
terials, etc. 

Physical characteristics of the fin- 
ished part may influence die con- 
struction. A requirement for high re- 
sistance to stress cracking, for example, 
may require variable temperature 
control in different parts of the die 
such as the bottom plate or neck in- 
serts. Such a construction would ap- 
pear more economical using an in- 
serted die rather than a solid casting. 

Parts requiring detailed printing 
are usually desired with a high sur- 


face luster. Luster can be produced 
by sand-blasting or other roughening 
of the surface. The roughening of the 
surface permits the release of trapped 
air. A die with several inserts will 
often accomplish the air release with- 
out roughening. In severe cases, 
such as deep engraving, etc., vent 
holes of .005” to .010” are necessary. 
Confliction of vent holes with cooling 
channels is a common obstacle. Teflon, 
plastic resin and various other coat- 
ings have been successfully used on 
dies to accomplish luster. Plating has 
been used but does not seem to be the 
answer as it is in injection row 
Cast iron dies, however, definitely 
should be plated for both release and 
surface luster. Silicon release agents 
will cause peeling if the product is 
to be printed or painted. 


The Equipment—How It Affects 
Mold Costs 


The available type of equipment 
on which a given job can be run has 
a profound influence on the construc- 
tion of dies. Some machines use only 
a single cavity; others require a mini- 
mum of 8 to 12 cavities regardless of 
the size of the item. For small items, 
multiple cavities as high as 16 have 
been used, and larger numbers can 
be accomplished. 

Obviously, large numbers of cavi- 
ties are feasible only when produc- 
tion quantities are high. More cavi- 
ties mean more total investment, but 
the difference in die cost is often more 
than offset by a reduction in piece 
price on a multiple cavity setup. 

A difference of $2,000 in die costs 
would be more than offset by a $1.00 
per/M price differential on a 2% mil- 
lion lot. 

At $10.00 per hour machine time 
a small item would accomplish this 
by an increase from 1000 per hour to 
1250 per hour. Such differences in 
production speeds are quite common 
from one type of setup to another. 

The position of the blowing open- 
ing has some bearing on die con- 
struction. Many machines can accom- 
plish top, bottom or side needle blow- 
ing. There are, however, some ma- 
chines wherein one or two of these 
cannot be accomplished without major 
changes. For example, some machines 
will blow only from the bottom, 
others only from the top—others use 
needle blowing exclusively. 





edited by Ernest J. Csaszar, Newark Die Company 
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SHORT OR TALL 


e-- we make them all! 
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World's largest stock of 
injection machine nozzles 
SHIPPED RIGHT NOW ... PHONE YOUR ORDER! 


and we mean it, a call has your nozzle on its way 
in five minutes! If it’s a “special” just phone in the details, 
it will be in the shop tonight . . . machined . . . heat treated 
and shipped to you, usually in 3-4 days. 
Be sure with IMS QUALITY NOZZLES. Code-dated for your 
protection, with Rockwell C Hardness etched on every hex. 


CUT YOUR PRESS DOWNTIME 


We do not sell cut rate nozzles because press downtime costs 
you more than the few extra cents needed to get an IMS 
QUALITY TOOL STEEL REPLACEMENT NOZZLE! 


IMS Independently Designed Nozzles are better, last longer 
and cut your injection molding costs. We specialize in Uniform 
Design Extension Heated Nozzles to save you money. 


Send for our Stock Heater Band List today! 


WHATEVER YOUR REQUIREMENTS 


Heated nozzles, Mixing nozzles, Nylon nozzles, Standard 
nozzles, Special Purpose nozzles, Flat Nose nozzles, etc. 


Phone Cleveland, Ohio, WYoming 1-1424. 


SEND FOR YOUR 


NOZZLE CATALOG 
TODAY! 


Injection Molders Supply Co. 


3514 Lee Road WYoming 1-1424 Cleveland 20, Ohio 











Reinforced 


For the engineer: Practical de- 
sign information to aid in the 
selection of safe stress levels 
when working with reinforced 
plastics 


GC... of the important factors to be 
considered in designing a reinforced 
plastic structure is the notch sensitiv- 
ity of the material. Fatigue cracks in 
metals tend to originate at points of 
stress concentrations, such as flaws 
in the material, surface blemishes, 
corner fillets or holes. In reinforced 
plastics, stress concentrations induce 
premature failures not only after 
numerous load cycles but also during 
application of a steady load. 

Since stress concentrations cannot 
be avoided entirely in a structural 


ERIC L. STRAUSS 
THE MARTIN CO. 


Effects of Stress Concentration on the 
Strength of Reinforced Plastic Laminates 


plastic resin, the working stresses 
must be sufficiently low to preclude 
failures in the vicinity of stress con- 
centrations. However, little informa- 
tion is available to guide a designer in 
the selection of safe stress levels. An 
experimental program was undertaken 
to determine stress concentration ef- 
fects in reinforced plastic laminates. 
The material selected for this study 
was a %-in. thick plastic laminate 
containing 12 layers of 181 glass 
fabric and a polyester resin. The pro- 
gram was designed to facilitate a 
comparison of the tensile, compres- 
sion, and flexural strengths of speci- 
mens containing various stress con- 
centrations with the strengths of 
control specimens of standard shapes. 
Failing stresses were calculated, based 
on the net cross-sectional area of the 
specimens. Results presented in this 





TABLE | 


Tensile Strengths of Glass Fabric-Polyester Laminates Containing 
Holes of Various Diameters 


Hole 
Diameter 
(in.) 


0.083 


38 700 


29,000 


Nominal Tensile Strength = 40,700 psi 


0.143 


38,500 
35 700 37 700 
30,600 

27,100 30,000 


Hole Diemeter 


Spec. Width 
0.250 


35 400 om. 
30,100 35,900 

30,000 = 
21,700 — 30,800 





TABLE 2 


Strengths of Glass Fabric-Polyester Laminates Containing Holes 
of Various Diameters 


Hole Diameter 


Hole 
Diameter 
(in.) 


0.078 0.083 


Spec. Width 


0.143 





Flexure—Nominai 


Strength = 65,200 psi 


56,000 
54 600 
53.700 


Compression—Nominal 
Strength = 30,300 psi 


39.100 
32,200 





article represent the averages of three 
specimens. By adhering to normal 
shop practices in the fabrication of 
the test pieces, the resulting test 
values became meaningful as practi- 
cal design data. 


Drilled Holes 

The isolated holes ranged from 
1/16 in. to 1 in. in diameter. The 
tensile test data presented in Table 1 
exhibits a pronounced decrease in 
specimen strength with increasing 
hole size. The normal tensile strength 
of the laminate was 40,700 psi. 
Strengths of specimens containing a 
1/16-in. diameter hole ranged from 
36,000 to 38,700 psi. A 1-in.-diameter 
hole reduced the tensile strength to a 
value as low as 21,700 psi. Figure 1 
illustrates that the strength drop-off 
with increasing hole diameter holds 
for flexure and compression as well as 
for tension. However, the flexural 
strength diminishes more gradually 
than either the tensile or compression 
strength. 
Specimen Width 

A series of specimens was prepared 
in which both specimen width and 
hole diameter varied such that the 
net width (specimen width less hole 
diameter) remained constant. Results 
of tension and flexural tests of this 
specimen group are compared with 
the normal strengths in Fig. 2. The 
normal values are represented as 
100%. The decrease in strength with 
increasing hole diameter is again 
noted. A -in.-diameter hole caused 
a 21% loss in the flexural strength and 
a 26.5% loss in the tensile strength 
of the laminate. 


Hole Diameter to Specimen Width 


Ratio 

The ratio of hole diameter to 
specimen width (d/w ratio) was an 
additional parameter in the stress 
concentration investigation. Hole 
diameters ranged from 5 to 58% of 
specimen width. The tabulated tensile 
test results in Table 1 show a general 
increase in failing stress with increas- 
ing d/w ratio. Flexural and compres- 
sion test results, summarized in Table 
2 display the same general trends as 
the tensile test results. 


Hole Location 
The effects of hole location were 


investigated with another group of 
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STRESS (PS! x 10?) 


10 
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HOLE DIAMETER (1N.) 


Figure 1. Variation of Specimen Strength with Hole Diam- 
eter (Hole Dia/Specimen Width = 0.143) 


test specimens. The position of a %- 
in. diameter hole in a 3-in. wide 
specimen was varied from a location 
at the specimen center to a location 
5/16 in. from the specimen edge. 
The data, plotted in Fig. 3, indicate 
no significant strength difference be- 
tween on-center and off-center loca- 
tions of holes. 


Holes in a Single Row 

Specimens with multiple holes in 
line were tested to ascertain whether 
a row of holes behaves in a similar 
manner as isolated holes. 

First tested were two configura- 
tions, having identical d/w ratios of 
0.125: 


Failing Stress 


(psi) 
%-in.-dia holes, 1-in. 
spacing 29,500 
%-in.-dia holes, 2-in. 
spacing 26,200 


The two specimens with d/w ratios of 
0.250: 
Failing Stress 


(psi) 
\4-in.-dia holes, 1-in. 
spacing 29,300 
%-in.-dia holes, 2-in. 
spacing 25,700 





oo *& hk & 


Figure 3. Variation of Tensile Strength with Locat 


4-in.-Diameter Hole 
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Hole Diameter | 


In each group, strength decreases 
with increasing hole diameter, paral- 
leling the behavior of single holes. 
Next specimens of identical 4-in. 
width having 4-in.-diameter holes 
were compared: 
Failing Stress 


(psi) 
2-in. spacing, d/w 
0.125 29,300 
l-in. spacing, d/w 
0.250 25,700 


Here, as with single holes, the strength 
increases with increasing d/w ratio. 

Finally, we directly compared mul- 
tiple holes with equivalent single- 
hole specimens: 


Failing Stress 


(psi) 
(1) 4-in.-dia holes, 
l-in. spacing 29,300 
4-in.dia hole, 1-in. 
specimen width 30,100 
(2) 4-in.-dia holes, 
2-in. spacing 25,700 
4-in.-dia hole, 2-in. 
specimen w idth 30,000 


In both instances, the  single-hole 
specimen failed at a higher stress 
level than the comparative multiple- 
hole specimen. It is reasoned that the 
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TENSION FLEXURE 


Figure 2. Strength of Polyester Laminates as a Function of 
onstant Net Width = 0.750 in.) 


larger number of holes in the multiple- 
hole specimens increases the prob- 
ability of early crack formation and 
propagation. 
TABLE 3 
Variation of Specimen Strength with 
Notch Radius 


3/4-in. Constant Net Width 


Tensile Compressive 
Notch Radius Strength Strength 
(in.) (psi) (psi) 


1/8-in. Notch Radius 


Tensile Compressive 
d/w Ratio* Strength Strength 
(psi) (psi) 
5 5 W 


*d = 2x Notch Radius 


(Continued on page 898) 
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National Action 


SPE’s By-Law B-55 states that 
“The New Section Development 
Committee shall encourage and assist 
in the formation of Sections in areas 
where need can be demonstrated”. 

This hard-working—although often 
unheralded—National Committee is 
a primary force contributing to the 
sound growth of our Society. Al- 
though our Membership Committee 
performs an outstanding job in the 
solicitation of new members, the 
problem of keeping these new mem- 
bers actively on the SPE Roster is an 
ever-present one. To carry out the 
objectives of our Society it is essential 
that members have an opportunity 
to attend regular Section meetings 
held within convenient distance of 
their homes. 

Far too often our members are 
faced with the necessity of traveling 
great distances to attend the nearest 
Section meeting. The result is fre- 
quently discouragement, and some- 
times, resignation. By the same token, 
of course, the Membership Commit- 
tee is hampered severely in such areas 
due to the lack of nearby Sections to 
spread the gospel. The solution to 
these problems, by fostering and de- 
veloping new Sections is the primary 
objective of the New Section Devel- 
opment Committee. 

In the past, the Society has indeed 
been fortunate in having men of the 
caliber of Joe Healey, Bill Dunnican 
and, most recently, Ross Dean to lead 
the many, many other members who 
have worked so diligently on this very 
important task. Certainly much of the 
credit for the rapid growth of our 
Society belongs to these men. In the 
case of Joe Healey who performed 
this task for many vears, Council has 
made him a “Distinguished Member” 
in recognition of his outstanding ef- 
fort. 

Ross Dean certainly performed a 
superb job, directly resulting in the 
addition of our newest Florida Sec- 
tion, the Tri-State Section and the 
Bartlesville-Tulsa Section. He was 





edited by Thomas A. Bissell 
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GEORGE W. MARTIN, SPE NATIONAL FIRST 


VICE-PRESIDENT, AND ADMINISTRATOR, 


NEW SECTION DEVELOPMENT COMMITTEE. 


NEW SECTIONS SPARK SPE GROWTH 


also instrumental in the successful 
splitting off of the Akron and Cleve- 
land Sections. In addition, we expect 
Sections in many other areas to mate- 
rialize soon. Monterrey, Mexico, is 
now a Section and there is promising 
activity in Western Michigan, in Ari- 
zona, in West Virginia and in South- 
western Canada. 

While extending credit for these 
fine achievements, we cannot over- 
look our National Office staff in the 
outstanding co-operation they con- 
tribute to this Committee. 

And finally, full credit is due to 
individual members and non-mem- 
bers who have devoted so unselfishly 
of their time and effort to the devel- 
opment of Sections in their own areas. 

If the Society of Plastics Engineers 
is to represent every plastics engineer 
in the Country, we must continue this 
work and, in so doing, earnestly so- 
licit the aid of all SPE members. 

Our newly formed Public Relations 
Committee will provide powerful as- 
sistance by spreading the Society's 
doctrine throughout vast untouched 
areas of our Countrv and, for that 
matter, of the world. Once interest 
has been aroused in an area it be- 
comes the Committee’s responsibility 


to move in and do the development 
work required. 

Our new Section Development 
Procedures Manual—originally pr - 
pared by our Distinguished Member, 
Joe Healey is now in the process of 
being revised and reprinted. It is our 
intention that every Section Mem- 
bership Chairman will receive a copy 
of this manual to enable him to assist 
our new Section Development Com- 
mittee whenever called upon to do so. 

Naturally, the Committee leans 
very heavily on the Sections adjacent 
to the area being considered for a 
new Section. Potential new members 
look toward these Sections for guid- 
ance and example. 

Our new Committee Chairman, 
since July Ist, is Col. Oscar B. Yorker, 
National Councilman, representing 
our Rocky Mountain Section. He is 
very capable of carrying on this im- 
portant work. 

Chairman Yorker will appreciate 
guidance or suggestions from any 
member or non-member that might 
lead to the development of a new 
SPE Section. Please write directly to 
Col. Oscar B. Yorker, c/o Yorker & 
Sons, Inc., 601 East 48th Avenue, 
Denver 16, Colorado. 





Applications 
Received 


Total 
Membership* 


*Membership in good standing 
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Stability of Plastics 


Sponsored by the Baltimore-W ashington Section 
Tuesday, December 1, 1959 

National Academy of Sciences Building 
Washington, D. C. 


The Baltimore-Washington Section, SPE, in conjunction 
with the Prevention of Deterioration Center of the National 
Academy of Sciences, has scheduled a Regional Technical 
Conference entitled “Stability of Plastics”. The one-day 
meeting will be held Tuesday, December 1, 1959 in the 
auditorium of the National Academy of Sciences Building, 
2101 Constitution Avenue, Washington, D. C. Dr. Herman 
Mark, Director, Polymer Research Institute, Polytechnic 
Institute of Brookyln, will preside as moderator of the pro- 


RETEC objective: To present a program covering cur- 
rent concepts of mechanisms governing natural and syn- 
thetic polymer stability and degradation. Degradation under 
the conditions of mechanical processing, ultraviolet or other 
radiational exposure, elevated temperatures, and enzymatic 
attack will be among the topics covered by well-known 
contributors to these felds. 


TENTATIVE PROGRAM 


9:00 AM Welcome 
Mr. Myron DeFries, Baltimore-Wash- 
ington Section RETEC Chairman 
9:05 AM WorRK OF THE PREVENTION OF DETERIOR- 
ATION CENTER 
Dr. Carl Wessel, National Academy of 
Sciences 
9:20AM Introduction to RETEC 
Dr. Herman Mark, presiding 
9:30AM Technical Papers 
12:00-2 PM Luncheon—Arlington Towers, Terrace 
Room 
Mr. George Flanagan, President, Balti- 
more-Washington Section, introducing 
National Officers of SPE: Messers. 
Fred Sutro, Jules Lindau and Tom Bis- 
sell 
2-4:30 PM Technical Papers 


In addition to the abstracts appearing on this page, a 
paper by Dr. Leo Wall, National Bureau of Standards, on 
“Thermodynamic Aspects of Polymer Degradation” will be 
presented. Other abstracts will appear in the November 
issue of SPE Journai. 

Arrangements for accommodations at the Washington 
and Willard Hotels (within walking distance of the meeting) 
and at the Windsor Park Hotel and the Arva Motel have 
been made for those desiring them. Registration fee is 
$10.00 ($7.50 for government employees) including lunch- 
eon, transportation to and from the luncheon, and a copy 
of a reprint book containing comprehensive summaries of 
papers presented at the meeting. 

All SPE members in Sections of the eastern region of the 
United States and Canada (Mississippi Valley or east) will 
receive letters of invitation and advance registration forms. 
Others desiring information, may contact: Mr. Myron 
DeFries, RETEC Chairman, Atlantic Research Corporation, 
Alexandria, Virginia. 

Advance registration and hotel accommodations may be 
obtained through: Mr. Stanley Prosen, Naval Ordnance 
Laboratory, White Oak, Silver Spring, Maryland. 
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Mechanism of Ultraviolet Stabilization of Plastics 
J. H. CHAUDET, G. C. NEWLAND, H. W. PATTON, and J. W. TAMBLYN, 
RESEARCH LABORATORIES, TENNESSEE EASTMAN COMPANY 

Most ultraviolet stabilizers for plastics appear to 
act as inert, inner filters. Some of the ways by which 
these stabilizing molecules can absorb ultraviolet 
energy and release it without harming the surround- 
ing polymer molecules have been considered. The 
following types of stabilizer were studied: 


(a) Fluorescent molecules 

(b) Molecules capable of undergoing energy- 
absorbing rearrangements 

(c) Molecules containing chelate rings 

(d) Stable free radicals 


A study has been made, by nuclear magnetic reson- 
ance spectroscopy, of a number of derivatives of 2- 
hydroxybenzophenone. The positions of the hydroxy 
proton resonances for the more effective light- 
stabilizers fell at lower field values 


Polymer Stability—Its Effect on Processing and 
Properties 
H. S. KAUFMAN AND E. C. SCHULE, ALLIED CHEMICAL CORPORATION, 
CENTRAL RESEARCH LABORATORY 

In the course of fabrication and processing, high 
polymers may be subjected to thermal and mechani- 
cal treatment which result in molecular weight degra- 
dation and morphological change. The effects of this 
phenomenon as related to injection molding and ex- 
trusion will be discussed in terms of polymer proper- 
ties, including crystallization and orientation. Ex- 
amples will be drawn from experience with poly- 
amides, polyethylenes and polychlorotrifluorethylene. 


Degradation of Natural Polymers 
ET, REESE AND MARY MANDELS, QUARTERMASTER CORPS., U. S. 
ARM 


Degradation of natural polymers is usually the 
work of biological agents, and in this respect it differs 
from the degradation of most synthetic polymers. 
The degradation is a depolymerization resulting from 
an enzymatic hydrolysis, the final products being 
water soluble and which are capable of serving as 
food for the degrading organism. 

Many of the natural polymers used in textiles have 
a highly oriented, or crystalline, structure. As a re- 
sult, there is a natural resistance to water absorption. 
The tight packing of chains also prevents the ready 
penetration of the large catalyst molecule. Any 
change in the fiber which leads to a loosening-up of 
the structure permits greater water uptake and in- 
creased diffusion of the enzyme, and so increases its 
susceptibility to degradation. 


The Weathering of an Elastomeric Polyurethane 
C. $. SCHOLLENBERGER AND K. DINBERGS, B. F. GOODRICH RESEARCH 
CENTER 

Estane VC, a strong, tough, thermoplastic, “virtu- 
ally crosslinked” polyurethane elastomer shows a 
certain degree of susceptibility to the weathering 
process as do other unprotected linear polymers. 
Using the (dry) Weatherometer as a substitute for 
sunlight, and suitable optical filters, it was possible 
to demonstrate that the incident solar rays deleteri- 
ous to Estane VC are of the wavelength range 340 to 
410 m (critical region) a region in which the polymer 
actually shows little absorption. The effectiveness of 
custom-synthesized compatible compounds which ab- 
sorb strongly in the critical region as weather re- 
sisters in Estane VC is described. 

(additional abstract on page 902) 
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Plastics Around 


the World 


This month's column has been made possible 
through the contributions of these abstrac- 
ters: 


Alfred L. Alk (Materie Plastiche, Seleplas- 
tic) 

Charles Imig (Kunststoffe) 

Alfred Rexer (Plastics) 


Germany 
KUNSTSTOFFE 
MARCH 1959 


Basic Laws for Plastics Screw Ex- 
truders, Part I1]—Dr.-Ing. Ger- 
hard Schenkel 


This is the final paper of a series 
of three papers dealing with this 
subject. Mathematical treatment is 
continued to show that each of the 
three extruder zones behave differ- 
ently but at the same time must be 
considered in relationship to one 
another. Examples of how this 
theory applies to different thermo- 
plastic materials is presented. 


APRIL 1959 


Rheological Construction of Simple 
Extrusion Dies, Part I—Dr.-Ing. 
Gerhard Schenkel 


Two requirements must be met 
in the construction of common ex- 
trusion dies. First, the plastic melt 
must be diverted from the axial 
direction on the extruder screw to 
some direction without changing 
the characteristics of the melt. Sec- 
ond, an internal mandrel must be 
placed in the stream to form a 
cylindrical shape. Discussed, among 
other topics, is pressure equaliza- 
tion with various inserts, different 
cross-head designs, and different 
mandrel designs. The second part 
of this paper will describe ways 
of removing marks caused by man- 
drel supports. 


Great Britain 
PLASTICS 
MARCH 1959 


Heatsealing and High Frequency 
Welding of Plastics—H. P. Zade 


The second part of a continuing 
article covers the various types of 
heatsealing equipment. 
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Italy 
SELEPLASTIC 
MARCH 1959 
ICI and the Conveyor Belt for 
Russia— 


ICI announces the use of its 
Terylene polyester fiber in a huge 
conveyor belt over six miles long 
and up to six feet wide which is 
being fabricated in England for use 
in a Russian iron mining area. The 
belt consists of 8 to 14 layers of 
rubber covered Terylene. The larg- 
est section can withstand a maxi- 
mum working tension of 66 tons 
and can transmit more than 1000 
HP. 


MATERIE PLASTICHE 
APRIL 1959 
Technological Properties of Moplen 
—F. Ranalli, G. Crespi 


Moplen can be processed in com- 
mon plastic fabricating equipment 
after the optimum operating condi- 
tions for the particular machine 
have been determined. At elevated 
temperatures polypropylene is sub- 
ject to degradation and oxidation 
which makes the finished article 
fragile. Attention to maximum op- 
erating temperatures and the addi- 
tion of anti-oxidants alleviates both 
problems. Injection moldability of 
Moplen is compared with polysty- 
rene and polyethylene under vari- 
ous conditions. Test methods are 
described. Not only is the melt in- 
dex of the polypropylene a factor 
in moldability, but also its degree 
of isotacticity. Operating conditions 
and injection cycles lie generally 
between those required for high 
impact styrene and low density 
polyethylene. The piece weight 
should be kept at a ratio of 3:1 to 
10:1 of the cylinder capacity. Gen- 
erally Moplen works better at 
higher injection pressures and high 
flow velocity. Temperatures from 
200° to 270°C are required with 
270° being the maximum practical 
because of breakdown. Plasticizing 
chambers need not be redesigned, 
although certain hints are given for 
increasing effectiveness of the 
molds. Moplen need not be pre- 
dried. Molded articles shrink 1.1 
to 2%. Moplen can be extruded 
without difficulty at temperatures 
between 190° and 270°C in long 
barrel extruders with 3 or 4:1 com- 
pression. Pipe can be produced in 
equipment normally employed for 
polyethylene or PVC. Moplen can 
also be used to produce blown and 
flat films, and for thick sheeting 
suitable for vacuum forming, for 
wire insulation, as anti-corrosion 
lining for metal containers 





(Continued from page 895) 


Comparison of Drilled, Countersunk, 
and Riveted Holes 


Countersunk holes were machined 
to standard tolerances for 100° flush 
head rivets. Countersunk and riveted 
specimens were prepared in the fol- 


lowing manner: 


(1) 2024 aluminum alloy rivets 
were dipped in a room tem- 
perature curing epoxy adhesive 
and inserted into the drilled 


and countersunk holes. 


An aluminum washer’ was 
placed over the rivet shank and 
the driven head was formed. 
A mean hole diameter was util- 
ized in calculating failing 
stresses of specimens containing 
countersunk holes. 


Countersinking reduced the failing 
stress approximately 5% in both ten- 
sion an compression when compared 
with drilled holes. Flexural test re- 
sults were inconclusive. Insertion of a 
rivet resulted in a significant increase 
in specimen strength for all three 
loading conditions. The greater 
strength was expected in compression 
and ost since the rivet is capable 
of transmitting a compressive load 
across the hole. In tension, the ad- 
hesive apparently bonded the rivet to 
the sides of the hole so that a tensile 
force could also be transmitted by the 
rivet across the hole. 


Spacing between Rows (Back Pitch) 


A series of specimens containing 
multiple rows of holes was tested in 
tension to determine the effects of 
varying spacing between rows (back 
pitch). Specimens were 4 in. wide, 
containing three rows of staggered 
holes with 1-in. spacing between 
holes. Tensile test results are sum- 
marized below and compared to a 
specimen of similar configuration con- 
taining a single row of holes. 


Failing Stress 
(psi) 


\¥-in.-dia holes, 1-in. 
between rows 
\%-in.-dia holes, %-in. 
between rows 
\%-in.-dia holes, %-in. 
between rows 
¥-in.-dia holes, single 
row of holes, 


24,200 
26,900 
25,400 
29,300 
(Continued on page 900) 
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Plastics in Packaging 


Sponsored by The Golden Gate Section 
Thursday, November 19, 1959 
Claremont Hotel, Berkeley, California 


PURPOSE 

Two vital industries will combine to present a one-day 
conference on the West Coast November 19. Called “Plas- 
tics in Packaging,” the technical meeting will consist of re- 
ports by top-flight experts in both plastics and packaging. 
Sponsored by the Golden Gate (San Francisco) Section of 
SPE, the meeting will be held at the Claremont Hotel in 
Berkeley, California. 

Headlining the program will be McKay McKinnon, Jr., 
Chief of District for the Food and Drug Administration, 
with headquarters in San Francisco. 

Speakers at the mid-day luncheon will be Fred C. Sutro, 
Jr., Spencer Chemical Co., National President of SPE, and 
John Delmonte, Furane Plastics, Inc., Los Angeles, Calif., 
Adminstrator of Meetings, SPE. Mr. Sutro is also co-author 
of one of the technical papers on the program. 


Morning Session (Registration 8:00 A.M.) 
9:00 AM—INTRODUCTION 


ROGER JENNINGS, MODERATOR 
Polytron Corporation, Richmond, Calif. 


9:15—Munirary PAcKAGING, 
J. B. Smith, Jayro Corporation, San Francisco 


New developments of reinforced plastic military packaging, in- 
cluding a discussion of current developments using urethane foams 
as an integral part of the case and other cushioning materials. 
An exploration of the potential of technical plastic applications for 
electronic and instrumentation packaging. 


9:45—Low MOLECULAR WEIGHT POLYETHYLENE FOR 
PAPERBOARD COATINGS, 


R. Rosenbaum, Semet-Solvay Petrochemical Div., Allied 
Chemical Corp., New York 

Polyethylene and paper combinations are well established in the 
packaging field and combinations of polyethylene and paperboard 
are now being explored. The low molecular weight polyethylenes 
alone or in combination with waxes and resins have found paper- 
board coating applications because of good functional properties 
combined with ease of applications on conventional equipment 
Abrasion resistance, hardness, blocking, gloss, gloss retention, ten- 
sile strength and chemical resistance of wax is improved by the 
addition of polyethylene. 


10:15—New DEVELOPMENTS IN Ricmp PLastic CONTAINERS, 


R. J. Lee and L. E. Tallman, The Dow Chemical 
Company, Midland, Michigan and Torrance, Calif. 


At present there are several areas in packaging where rigid or 
semi-rigid plastic containers are starting to make extensive inroads. 
Some of these would include linear polyethylene blown bottles 
for household products, foamed polystyrene for hot beverage cups, 
formed high impact containers for dairy and delicatessen products, 
formed components for composite cans and molded containers for 
hermetic packaging of selected products. Some of the economic 
factors and technical problems in material selection and product 
protection will be discussed. 


10:45—Break 


11:00—AuTOMATIC OVERWRAPPING WITH 
THERMOPLASTIC FILMs, 
C. B. Tane, Union Carbide Plastics Co., 
Los Angeles, Calif. 


Automatic packaging with thermoplastic films may present the 
largest presently known single potential market for plastic packag- 
ing material, including such films as polyethylene, polypropylene 
and polyvinyl chloride. Use of automatic equipment handling 
plastic films, has already begun in the field of bread wrapping, 
frozen foods, meats, baked goods, stationery, soft goods and 
produce. The size of the market is enormous, with some estimat- 
ing the possible immediate potential for bread wrap alone to be 
as high as 60 million pounds of film annually. 
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Technical 
Conferences 


:30—Tue Toxico.Locy or Plastic PACKAGES AND 
Focr Appitives Law, 
Dr. Louis C. Barail, consultant, New York, N. Y. 


An outline of the food additives law and its requirements explains 
in detail how it involves plastic packages used by the food, drug, 
chemical and allied industries; description of the toxicological 
methods approved by the Food and Drug Administration, how 
their results are interpreted and how their early application can 
save manufacturers and users of plastic wrappers and containers 
many headaches, troubles and financial losses. 


:00-2:00 PM—Luncheon 

Speakers—Fred C. Sutro, Spencer Chemical Co., Kansas 
City, Mo., National President, SPE; John Delmonte, 
Furane Plastics, Inc., Los Angeles, Calif., Adminis- 
trator of Meetings, SPE 


:00-ViEws OF THE Foop AND DruG ADMINISTRATION, 
McKay McKinnon, Jr., Chief of District, Food and Drug 
Administration, San Francisco, Calif. 


(Abstract not available. Because of rapid-fire developments in this 
field, Mr. McKinnon’s presentation calls for last minute prepa- 
ration.) 


:00-CuiLt ROL TECHNIQUES OF PRODUCING 


POLYETHYLENE FILM, 
Fred C. Sutro, Jr., and D. L. Duncan, Spencer Chemical 
Co., Kansas City, Mo. 
During the past year, there has been tremendous interest in poly- 
ethylene film produced by the chill roll extrusion method. Many of 
the questions have centered around the marketing problems con- 
nected with a film which has some definite differences from film 
produced by the more conventional blown tubing method. The two 
primary differences are in the areas of optical properties and 
strength properties. Certain surface differences are also noted, but 
these are relatively minor from a selling standpoint. Chill roll 
more nearly resembles cellophane than any other type of poly- 
ethylene, particularly when the film is made from medium density 
resins. The characteristics of these films are such as to allow the 
use of polyethylene film as a genuine overwrap material for the 
first time. 


:30—Break 


Conference separates into two concurrent sessions 


SECTION A 


ROGER JENNINGS, MopERATOR 
Polytron Corp. 


:45—DESIGNING THE PACKAGE, 


Cornelius Sampson, Cornelius Sampson and Associates, 


4 


San Francisco 

Self-service and supermarkets have created a pre-packaged world 
of merchandising. Plastics offer opportunity to make full use of 
the natural eye and color appeal inherent in the product. Product 
and weight. Brand identification. Product name and description 
Supplemental information. Legal information. Research compe- 
tition and determine positive sales factors of product. Slide exam- 
ples of good and poor design treatments with case histories of 
meat, produce, and fruits use of plastic wraps or containers. 


:15-HeAtT-SHRINKABLE AND POLYMER-COATED 
POLYESTER FILMs, 


Paul G. Stephan, E. I. du Pont de Nemours & Co., Inc., 


Wilmington, Del. 


A heat-shrinkable polyester film combines the properties of the 
standard form of the film with extremely close conformation to 
the product package. Physical and chemical properties of the film 
are discussed and related to specific packaging requirements. Al- 
ternate methods of applying the heat required in the shrinking 
process are described. Potential uses for the film are analyzed 
together with application experience. A description of certain other 
types of polyester film—modified from the standard for adaptation 
to specific uses—is included 
(Continued on page 903) 
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Walter A. Gammell, Sr., 


Chairman, Plastics in Electrical 
Insulation PAG 


Participation Invited in Electrical 
Insulation PAG Task Groups 


Wat can you as an individual do 
for SPE and what can SPE do for 
you? As you know, SPE has been 
divided into various fields of interest 
—our particular field is embedment 
and encapsulation for electrical in- 
sulation. This field in turn has sub 
groups which cover specific phases of 
interest. 

To help you become better ac- 
quainted with the work in progress in 
the Professional Activity Group on 
Plastics in Electrical Insulation, the 
task groups with their chairmen are 
listed below: 


RESINS— 

Dr. William J]. Belanger 
Jones-Dabney Company 
1481 South 11th Street 
Louisville, Kentucky 


FILLERS— 

Dr. R. G. Black 

Westinghouse Electric Corporation 
Materials Engineering—K-70 
Insulation Development 

East Pittsburgh, Pennsylvania 


PROCESSING METHODS— 
Mr. August L. Kraft 
Automatic Process Control 
1170 Morris Avenue 
Union, New Jersey 
MOLDING AND COATING (FLUIDIZED 
BED) METHODS— 


Mr. George F. Chadwick 
Speer Carbon Company 
Research Laboratory 
Packard Rd. & 47th St. 
Niagara Falls, N. Y. 


The object of a task group is to 
carry out cooperative projects which 
will be of benefit to any member of 
SPE. The first three groups have been 
active for several months and each 
group has a small corps of workers. 
The fourth group under George Chad- 
wick is just getting launched and is 
looking for active workers. 


There are many pro being con- 
yan The one Rar sgeade at 
the moment is a bibl 
The members of pe ge x fom vam 
under the leadership of the Sow 
listed chairmen, are p g an in- 
dex of the articles available in their 
respective areas. Much of this project 
will be completed during 1959, and 
the completed bibliographies will be 
published in the SPE Journal and 
made available in printed form to any 
SPE personnel having an interest in 
them. Each of the task groups has 
openings for additional membership 
and, therefore, invite you to join 
them. Further details of the activities 
and membership of the individual 
task groups are available by contact- 
ing the task group chairman. 

It is ho that many of you will 
contact these chairmen and become 
active in our Professional Activity 
Task Groups. We know that it will 
be valuable to you both technically 
and otherwise, since you will have a 
better opportunity to participate in 
future conferences such as our Fort 
Wayne Conference and in some of 
the other task 

All who prod ae Re May May RETEC 
in Fort Wayne know of the 
fine turnout and of the excellent re- 
ception the various papers received. 
As this type meeting tends to bring 
people back for the next one, we ho 
that you are planning to attend 
ANTEC in Chicago in January, 1960. 

To those who did not get to the 
Fort Wayne meeting, we would like 
to state that as meetings go, this one 
was one of the better ones in recent 
years—the subject matter was particu- 
larly timely, concisely presented and 
well received. The whole affair was 
well organized by the local members. 

Come to Chicago and see for your- 
self what these people are doing for 
you and find out where you can as- 
sist. In the meantime, we do suggest 
that you write the above chairmen of 
the task groups and get involved with 
a project. 





Electrical Insulation Conference 
The 2nd National Conference on the Application of Electrical Insulation will be 
held at the Shoreham Hotel, Washington, D. C., December 8-10, 1959. 
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(Continued from page 898) 
These test data reveal no appreci- 
able difference in the stren of 
multiple-row specimens containing 
spacings of | in., % in. and % in. be- 
tween rows. However, the single row 
gc was considerably stronger 
an any of the triple row specimens. 
This confirms the previous conclusion 
that for specimens containin ual 
hole size Sol hole spacing, ths ‘cme 
having the largest number of holes 
will fail at the lowest stress level. 


Cutout Shape 

To facilitate a direct comparison of 
the influence of cutout shape, all 
specimens were 4 in. wide and con- 
tained cutouts of l-in. width. Circular, 
rectangular and oe cutouts were 
investigated. Tensile test results are 
illustrated in Fig. 4 

The elliptical cutout whose major 
axis ran perpendicular to the loading 
direction caused the greatest reduc- 
tion in tensile strength while the el- 
lipse whose major axis ran parallel to 
the loading direction exhibited the 
highest tensile strength. The strengths 
of specimens containing rectangular 
cutouts with either square or rounded 
corners were approximately equal and 
were appreciably higher than the 
strength of the specimen with the 


circular cutout. 


Notch Radius 

Specimens with semicircular notch- 
es were in many ways similar to 
specimens containing holes wes gr 
radii. Test results are summari in 
Table 3. In the series of specimens of 
constant %-in. net width, strength de- 
creased with increasing notch radius. 
When notch radius was held constant, 
strength increased with increasing 
d/w ratio where d = 2 x notch radius. 
Fillet Radius 

A standard tensile specimen for 
plastic laminates has a %-in.-wide 
gage section which is 2-% in. long and 
ares out at both ends to a %-in. 
width. The transition is formed by 
arcs of 3-in. radius. Effects of varia- 
tions in fillet radius were investigated 
by essentially retaining the shape of 
the standard tensile specimen but 
varying the transition radius from 10 
in. to % in. Test results show that 
strength remains unaffected by fillet 
radii ranging from 10 in. to 1 in., but 
decreases when fillet radii become 
smaller than 1 in. The standard ten- 
sile specimen containing the 3 in. 
fillet radius yielded strength values of 
40,700 psi. A specimen containing a 
\%-in.-diameter fillet radius failed at 
36,000 psi, representing a 10% loss 
in strength. 
Edited by George Lubin 
Grumman Aircraft Co. 
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—— 16TH ANTEC ——— 


ANNUAL ‘TECHNICAL CONFERENCE— 
January 12-15, 1960, The Conrad 
Hilton, Chicago, Ill. Sponsored by 
the Chicago Section. For more in- 
formation, contact General Chairman 
Franklin L. Fine, Rohm & Haas Co., 
5750 W. Jarvis Ave., Chicago 31, IIl. 
Request for papers on page 275 of 
the April SPE Journal. 


1959 NATEC ——— 


NATIONAL TECHNICAL CONFERENCE— 
October 13-14, 1959. The Ambassa- 
dor, Los Angeles, Calif. For more 
information, contact General Chair- 
man, Jack C. Fuller, c/o Chemtrol 
Co. 10872 Stanford Ave., Lynwood, 
Calif. See program and abstracts page 
815, September, 1959 SPE Journal. 


RETECS 


Vinyts—October 7, 1959, Cleveland 
Engineering Society, 3100 Chester 











Ave., Cleveland, Ohio. Partial program 
page 745, August SPE Journal. For 
further information contact Jack R. 
Pecktal, 13212 Shaker Square, Cleve- 
land 20, Ohio. 


Puastics Finisninc—October 16, 1959, 
The Niagara Hotel, Niagara Falls, 
N. Y. Sponsored by the Buffalo Sec- 
tion in cooperation with the Plastics 
Finishing PAG. For program, see page 
823, this issue. Chairman Gordon K. 
Storin, 3 Forest Rd., Lewiston Heights, 
Lewiston, N. Y. 


PLASTICS IN THE SHOE INDUSTRY— 
November 4, 1959, Statler Hotel, St. 
Louis, Mo. Sponsored by the St. 
Louis Section. For program informa- 
tion, see page 820, this issue. Otto 
Wulfert, Chairman, c/o Wagner Elec- 
tric Co., 6400 Plymouth Ave., St. 
Louis 14, Mo. 


PLAsTICs IN PackAGING—November 19, 
1959, Berkeley, Calif. Sponsored by 
the Golden Gate Section. For program, 
see page 899 this issue. Chairman, 
Frank D. Allen, L. H. Butcher Co., 
15th & Vermont Sts., San Francisco 
i, Calif. 

STABILITY OF PxLastics—December 
1, 1959, National Academy of Science 
Bldg., 2101 Constitution Ave., NW., 


Washington, D..C. Sponsored by the 
Baltimore-Washington Section. For in- 
formation write to Chairman Myron 
G. DeFries, Atlantic Research Corp., 
Alexandria, Va. 


—EXTRUSION WORKSHOP— 


CENTRAL OHIO—Third Extrusion 
Workshop sponsored in cooper- 
ation with the Extrusion PAG. 

Date: October 26, 21, 1959 

Place: Ohio State University, Ohio 
Union Conference Theater 

Fee: $35.00 to include registra- 
tion, 2 lunches, dinner and coffee. 

Speakers: E. Veazey, Dow Chemi- 
cal, E. Bernhardt and H. Kessler, 
The Du Pont Co., B. Maddock, 


Union Carbide Plastics Co., 
F. Nissel, Prodex Corp., M. Un- 
derwood, Monsanto Chemical 
Co., and R. Sackett, Hartig Ex- 
truders. (Moderator) 


Attendance: Anyone from any Sec- 
tion may attend. 


Registration: Send fee, name, ad- 
dress and company affiliation to 
Chairman Mr. Robert O. Zim- 
merman, Plastex Co., 3232 
Cleveland Ave., Columbus, Ohio. 
Deadline is September 30, 1959 





Bhitlock Marni tir 


CONVEYORS - DRYERS + SPECIAL EQUIPMENT 








Automatic Dryers 
Dehumidifies drying air to a 
minus 20 dew point in a 


closed system - preheats 
material - capacities to 600 
Ibs. per hour. 





Bulk Handling Conveyors 


Automatic or manual - capacities Automatic - eliminates dust caused 


to 2,500 Ibs. per hour. when transferring plastic materials. 


The Whitlock line gives you both standard and 
custom built equipment. Write for complete catalog. 


WHITLOCK ASSOCIATES INC. 
21655 Coolidge Hwy., Dept. S 


Filter Cone Attachment 


Oak Park 37, Mich. 










Self Supporting Conveyors 
Automatic or manual - capacities to 
1,200 Ibs. per hour. 
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VINYL « POLYETHYLENE 








COMPOUNDS 


for 


EXTRUSION 
and MOLDING 


Alpha has an unbeatable 
combination to offer .. . 
Complete Laboratory Facilities 
Strict Production Control 
Prompt Service and Delivery 


> VIRGIN —to specification 
> REPROCESSED — to reduce cost 
compounding 
coloring 
straining 
pelletizing 





> CUSTOM — 


ALPHA CHEMICAL AND 
ad Oh 01 @) 


BACKUS AND JABEZ STS..NEWARK 5.N.) 


TEL. MARKET 4.4444 





(abstracts continued from page 897) 


Ultraviolet Degradation of Plastics and the Use of 
Protective Ultraviolet Absorbers 


RT, N. D. SEARLE AND R. G. SCHMITT, CENTRAL RESEARCH 
DIVISION. AMERICAN CYANAMID COMPAN 
The stability of plastics to saaantnih radiation and 
the use of protective ultraviolet absorbers to improve 
this stability necessitates a study along several lines. 
These include the ultraviolet spectral energy distribu- 
tion of the source, the degradation as a function of 
the wavelength of incident radiation, and the meas- 
ure of the effectiveness of the protective ultraviolet 
absorbers. 

Photochemical decomposition of the protective 
ultraviolet absorbers has been studied under various 
sources with severe irradiation intensities. The de- 
composition reaction appears in some cases to be 
dependent mainly on the energy absorbed and in 
other cases to approach true first-order kinetics. 





Welcome Monterrey 


It is now the Monterrey Section, without the provisional, 
that is. Our newest section south of the border has com- 
pleted full requirements for Section status. Two regular 
meetings have been held (see Section News, page 906) 
and the new Section would like to hear from speakers 
who can address the group in Spanish on subjects re- 
lating to the plastics industry. Please address communi- 
cations to: Ing. John P. Brecker, Ecuador #612—Co- 
lonia Vista Hermosa, Monterrey, N.L. Mexico 
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VINYL and FINISHING 
RETEC BOOKS 
JOIN SPE PUBLICATIONS 


Announcing 


Vinyl Plastics—Cleveland Section, 7 papers. $2.50, mem- 
bers; $3.75, non-members. (See program, SPE Journal, 
August, 1959 issue, p. 745). 


Plastics Finishing—Buffalo Section, 4 papers, $2.00, mem- 
bers; $3.00, non-members. (See program, SPE Journal, 
September, 1959 issue, p. 823). 


Other 1959 RETEC Preprint Books 


* Encapsulation, Printed Circuits, and Fluidized Bed Pro- 
cesses—Northern Indiana Section, 15 of 23 papers presented. 
$3.00, members; $4.50, non-members. (See program SPE 
Journal, April, 1959, p. 319). 

* Plastics in the Automotive Industry—Detroit Section, 
4 papers, $2.00, members; $3.00 non-members. (See pro- 
gram SPE Journal, May, 1959, p. 443). 

* A Designer's Look at Reinforced Plastics from the Pleas- 
ure Boat, Aircraft and Missile Industries Viewpoint—North 
Texas Section, 6 papers. $2.00, members; $3.00, non-mem- 
bers. (See program SPE Journal, April, 1959, p. 324). 

* Plastics in the Metals Industries—Pittsburgh Section, 10 
papers. $3.00, members; $4.50, non-members. (See program 
SPE Journal, April, 1959, p. 324). 


SPE PLASTICS ENGINEERING SERIES 


Vol. Il—Processing of Thermoplastic Materials, 705 pages. 
$14.40, members; $18.00, non-members. 


Vol. I—Quality Control for Plastics Engineers. $3.98, mem- 
bers; $4.95, non-members. 


ANTEC PREPRINT BOOKS 


Vol. V, 1959, New York City, 96 papers. $7.50, members; 
$12.50, non-members. Single preprints of individual papers, 
Vol. V, while they last, $0.25 each, members; $0.40 each, 


non-members. 
Vol. IV, 1958, Detroit, 94 papers. $5.00, members; $7.50, 
non-members. 
Vol. III, 1957, St. Louis, 60 papers. $5.00, members; $7.50, 
non-members. 

SPI individual members are entitled to SPE members’ 
prices under a reciprocal agreement. 


Books will be mailed postpaid if money is enclosed. 
Please address orders to: 


Society of Plastics Engineers, Inc. 
65 Prospect Street 
Stamford, Conn. 
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“Asbestos: Its Industrial 
Applications” 


D. V. Rosato, Reinhold Publishing Corp., New 
York, 1959, price $5.75. 214 pages including 
Bibliography 


This volume covers the use of as- 
bestos in industry as well as presenting 
data on its various properties and the 
manufacturing so utilized in 
the application of asbestos to industry. 
The concise but complete presenta- 
tion covers the production of asbestos 
from the mine through the various 
industrial products. It shows the types 
of asbestos available from the various 
sources in the world as well as the 
properties that can be expected from 
the asbestos. 

Industrially it covers the utilization 
of asbestos in cement products, tile 
products, as an insulation for heat, in 
friction applications, electrical usage, 
in textiles, in plastics, and in the 
many other applications for this ver- 
satile material. The book is com- 
pletely annotated with suitable tables 
of physical and chemical properties 
of asbestos and the various forms in 
which it is utilized and combined. 
This book is recommended to the 
plastics engineer requiring a ready 
source of information on properties 
and uses of asbestos as a reinforce- 
ment for various plastics and resins. 
It also supplies an extensive biblio- 
graphy to pursue areas where more 
precise information is needed. 


Robert Steinman, Ph.D. 
Garan Chemical Corp. 


Source Book of Industrial Solvents 


Volume 3: Monohydric Alcohols. Ibert Mel- 
lan, Reinhold Publishing Company, New 
York, 1959. 276 pp., $10.00. 


This book is the third of a series of 
source books—for industrial solvents. 
In its treatment of monohydric alco- 
hols, it is concise and remarkably full 
of pertinent information on manu- 
facturing methods, properties, and 
uses of commercially significant prod- 
ucts. Azeotropic mixtures of these 
alcohols with one another, or with 
other solvents, are listed, and their 
properties noted. Brief accounts of the 
historical development of the more 
important alcohols are given, along 
with relevant economic data. The 
graphic representations of the pro- 
duction flowsheets are clear and ef- 
fective. The arrangement of the book 
makes it quite easy to find informa- 
tion about a particular alcohol; but 
somewhat more difficult, if one is 
seeking a solvent for a_ particular 
solute. Included in this book are three 
pages on not-so-alcoholic phenol— 
and unlooked-for bonus. 


Charles H. Fuchsman 
Ferro Chemical Corp. 


Radioisotopes For Industry 


Robert S. Rochlin and Warner W. Schultz, 
Reinhold Publishing Corp., N. Y., 190 pages, 
$4.75. 


Radioisotopes for Industry is the 
newest entry in Reinhold’s series of 


Pilot Books. These small books, 


p=feole)'s 


tion to a subject which is of real 
which can be slipped into a coat 
pocket (5% x 5% x 6%”), are outstand- 
ingly useful in providing an authori- 
tative, up-to-date and easily readable 
summary of the main ideas and uses 
for the subject under consideration. 
They provide a quickly read survey 
together with a list of sources of more 
detailed information, so that the 
reader does not get lost in a maze of 
thick volumes of difficult and highly 
technical material. In providing a 
good summary of a field, the Pilot 
Book series renders a notable service. 

Radioisotopes for Industry—“pur- 
pose is to show engineers and plant 
managers how valuable these new 
methods can be in their own work”. 
A very brief introduction is followed 
by chapters on well developed uses 
of radioisotopes in measuring and 
monitoring thickness of materials (of 
particular interest to producers of 
plastic film and sheeting) on radio- 
graphy and autoradiography, and 
wear measurements (of possible in- 
terest to machine or mold makers). 
This is followed by a discussion of 
the use of radioisotopes in manufac- 
turing, finding leaks with radioiso- 
topes and use of tracers in research 
and development. The final three 
chapters deal with equipment, train- 
ing, protection, and the projected 
future of radioisotopes. 

It should be stressed that this book 
is for the engineer or executive and 
does not assume any prior knowledge 
of the subject. Dr. Jesse N. Day 
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(Continued from page 899) 


4:45—BLow MoLpep P.Lastic CONTAINERS, 


G. S. Brown, Plax Corporation, Hartford, Conn. 


The plastic bottle has become accepted and in many instances a 
necessary means for containing and dispensing a large variety of 
liquids and powders. A review of the various types of blow molded 
plastic containers will be given to elaborate upon the obtainable 
functional properties. Design considerations in the development of 
a plastic container will also be presented along with manufacturing 
processes of blow molding, methods of decoration and labeling, 
and selection of raw material for end use applications. 


SECTION B 


Nep L. RosBerts, MODERATOR 
Steven Enterprises, Palo Alto, Calif. 


3:45—Cooxk-In PoucHues, 


Fred B. Shaw, Flexible Packaging Div., Continental Can 
Co., Mt. Vernon, Ohio 


The cook-in pouch has-been under development for two or three 
years but is only now beginning to effectively enter the market 
This pouch generally contains an individual serving of a prepared 
food and is sold in the frozen condition. The entire package is in- 
serted in water and brought to a boil for perhaps ten minutes, 


after which time the pouch is removed from the boiling water 
and the contents served on the consumer's individual plate. Such 
pouches must withstand both freezing and boiling without delami- 
nation or becoming unsealed and they must resist various food 
components. They must retain flavor and therefore have low 
WVTR and low QO, permeability properties 


4: 15—PAacKAGING wiTH LINEAR POLYETHYLENE, 


R. Vernon Jones, Phillips Chemical Co., Bartlesville, Okla. 


Linear polyethylene is finding a host of applications in the pack- 
aging industry. The strength, stiffness, chemical inertness and bar- 
rier properties of the linear polyethylenes lend them to light 
weight, low cost, efficient packages. The discussion will include 
examples and comments on injection and blow molded bottles 
and jars, vacuum formed food containers transparent overwrap 
films, and a new heavy-wall industrial bag. 


4:45—Mo.pep ExpaNDED POLYSTYRENE PACKAGING 
Joe Slapnick and E. Y. Wolford, Koppers Co., 


Los Angeles and Pittsburgh, Pa. 


Molded expandable polystyrene packages offer high strength, light 
weight, low MVT, negligible water absorption, neutral pH, thermal 
insulation, attractive appearance and high energy absorption New 
molding techniques plus low raw material costs have produced 
consumer, military and industrial packages less expensive than 
conventional materials for typewriters, baby gift sets, candy, comb 
and brush sets, electronic tubes and missile components. The re- 
cent development of formable sheet and resilient polystyrene foam 
will expand this field further 
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L. P. Thies was appointed manager of the Polyester 
Products Dept. of Goodyear, while W. E. Kelly, former 
manager of the division’s St. Louis office was named to 
head the new Adhesive Dept. These are new sales 
departments established within the Chemical Division 
of The Goodyear Tire & Rubber Co. Mr. Thies, an 
affiliate of the Detroit Section of SPE, joined Goodyear 
in 1956. He was graduated from Kent State University 
with a B.S. degree in chemistry and holds a master’s 
degree in business administration from Indiana Uni- 
versity. 

Mr. Kelly has been with Goodyear since 1949 and 
had previous experience in textile and adhesive sales. 
He was assigned to the Chemical Division’s New York 
office and in 1954 was transferred to the St. Louis office 
as district manager. A member of the Kentuckiana 
Section of SPE, Mr. Kelly is a graduate of Hofstra 
College, Hempstead, N. Y., with an AB degree and re- 
ceived a master of science degree from Lehigh Univer- 
sity. 


George Dingman has been appointed general manager 
of Chippewa Plastics Co., a division of Rexall Drug 
and Chemical Co., and a producer of polyethylene film. 


In his new position, Mr. Dingman will assume adminis- 
trative responsibilities for all operations. He joined 
Chippewa plastics in 1955 and most recently was di- 
rector of purchases and planning. Prior to that he was 
engaged in pharmaceutical sales with the Smith- 
Dorsey Division of Wonder Co. A graduate of the Uni- 
versity of Nebraska. :< is a member of the National 
Association of purchasing agents and the Upper Mid- 
west Section of SP... 


Edwin E. Kasha has been named head of the Color 
Development Laboratories for Foster Grant Co., Inc., 
of Leominster, Mass. Mr. Kasha formerly was chief 
colorist for Koppers Co. He is a member of the Pitts- 
burgh Section of SPE, the Pittsburgh Paint & Varnish 
Production Club and the American Institute of Chem- 


NEW "SHEARWAY” 
PLASTICS GRANULATOR 


and Combination 
AUTOMATIC JET LOADER 


especially designed 
for nylon and other 
hygroscopic materials 
ALSO AVAILABLE as “alongside 


press” GRANULATOR with BIN and 
CASTERS without loading feature. 


THORESON- 
sewiug Ue Flaite Shidlidley 


McCOSH, Inc. 


18208 W. McNichols © Detroit 19, Michigan © KEnwood 1-8877 
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ical Engineers. Mr. Kasha received his Bachelor of 
Science degree in chemical engineering from the Uni- 
versity of Pittsburgh. 

John J. Reed has been appointed manager of Isocyan- 
ates Market Development, Allied Chemical’s National 
Aniline Division. Mr. Reed joined the National Aniline 
sales staff in 1954. He is a graduate of Villanova Uni- 
versity and received a B.S. degree in chemical engi- 
neering in 1950. Mr. Reed is a member of the Newark 
Section of the SPE. 

Philip I. Johnson was promoted to product manager 
suspensions resins, in Diamond Alkali Company’s plas- 
tics division. Succeeding Mr. Johnson in his vacated 
post as plastics division sales representative in the New 
York-Wilmington area is Peter W. Rizzo, formerly as- 
sociated with the National Lead Co., Brooklyn, N. Y. 
Mr. Johnson joined the Diamond organization in June, 
1958 as a sales promotion representative with 11 years 
previous experience in the plastics field. In this newly 
created post at the company’s headquarters offices, 
Cleveland, he will assume responsibility for market 
planning, sales promotion and advertising of suspen- 
sion resins. He is a graduate of the University of Wis- 
consin, Madison, Wisc., where he earned his B.S. de- 
gree in chemical engineering. He is a member of the 
AGS, and the New York Section of SPE. 

Mr. Rizzo was a sales development representative 
for various polyviny! chloride stabilizers for National 
Lead before joining Diamond. He holds a M.S. degree 
in organic chemistry from the University of Chicago, 
and a B.S. degree in chemistry from Harvard Univer- 
sity. Mr. Rizzo is a member of the New York Section 
of SPE. 

John A. Parsons and J. William 

Arpin, both members of the Bing- 

hamton Section of SPE have been | 
elected vice presidents by Amer- 
ican Plastics Corp., a subsidiary | 
of Heyden Newport Chemical | 
Corp., Mr. Parsons, named execu- 
tive vice president of American 
Plastics, has served as director 
and vice president in charge of 
production. His career in various 
plastics production and manage- 
ment capacities spans more than 
four decades in the plastics indus- 
try. Mr. Arpin, formerly assistant 
plant manager, has been appoint- 
ed vice president for engineering 
and deveolpment. He is a specialist 
in the field of injection molding, 
mold and tool design, and machine 
design with numerous patent 
credits. Mr. Arpin is an alumnus 
of the University of Florida, and 
is chairman of the Binghamton 
Section membership committee of 


the area which does. 





Willard deCamp Crater, Jr., has 
been appointed executive vice 

president and general manager of | 
the American Molding Powder & | 
Chemical Co. Mr. Crater, who is 
affiliated with the Newark Section 
of SPE, received his education at 
the University of Delaware and at 
Rutgers University, and was for- 
merly employed by W. R. Grace & 
Co. He recently completed a round 
the world business trip promoting 
plastics. | 
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MOLDING 
SERVICE 





To guarantee an acceptable finished part, a 
Satisfactory die is required. That's why 
REINHOLD-GEIGER maintains a fully staffed die 
shop... one of the few molding companies in 


Your dies are maintained for your exclusive 
use, while in our plant. 


HOBBING: largest facilities and tool steel 
SPE inventory in the West. 

: SLIP RINGS and BRUSHES: developed and 
produced by UNIT INDUSTRIES DIVISION. 


For further information on dies, molding, 
hobbing or precious metal alloy rings, write to 


REINHOLD-GEIGER PLASTICS, INC. 


8763 Crocker Street, Los Angeles 3, California 





Willard deCamp Crater, Jr. George R. Smoluk 
George R. Smoluk has been appointed engineering 
editor of Modern Plastics magazine, according to an 
announcement by Hiram C. Mctann, editor. Mr. 
Smoluk is a graduate of Princeton University with the 
degree of Master of Science in engineering, specialist 
in plastics. In addition to four years as new product 
engineer at the Bakelite Co. division of Union Carbide, 
Mr. Smoluk has served as a planning engineer with 
Celanese Corporation, as a field engineer with Du Pont, 
and plastics application engineer with General Elec- 
tric. He is a member of the Newark Section of SPE. 


Dr. Kurt C. Frisch, a member of the Detroit Section of 
SPE, was appointed director of polymer research at 
Wyandotte Chemicals Corp., it was announced recently. 


to give you 
COMPLETE 
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Baltimore-Washington 


Blow-Molding Discussed 
TAYLOR E. BRICKHEAD 


One of the fastest-growing areas of 
the plastics industry was the subject 
of a panel discussion held September 


8, 1959—blow molding. Moderator 
and first speaker was Vernon Hill of 
the Continental Can Corp. The pro- 
gram covered economics, equipment, 
applications, and materials of and for 
blow molding. 

Later this month, on October 20, 
the Baltimore-Washington Section will 
hear Professor Albert G. H. Dietz of 
M.LT. speak on the Moscow Fair and 
specifically about the latest develop- 
ments in the plastics field. 





MEETING Your REQUIREMENTS 


(COMPOUNDS 


 —————— 


In addition to furnishing the finest PVC 
Resin and PVC Compounds (both UL-ap- 
proved and general purpose)—Cary offers 
unmatched technical assistance in helping 
YOU meet your own specific processing re- 
quirements. Our technicians, and sales-ser- 
vice staff are thoroughly experienced and our 


facilities are excellent. 


Our continuous program of research and 
development may save you money. Consult 
Cary first when you are modifying existing 

products—or developing a new line. 
Remember—for Top Quality 
PVC Resins and Compounds— 
Cary is second to none. 


CARY CHEMICALS INC. 


Mail address: PO Box 1128, New Brunswick, N. J. 


Plants at East Brunswick and Flemington, N. J. 


VINYL RESINS ¢ VINYL COPOLYMERS ¢ VINYL COMPOUNDS 
SPECIALTY WAXES « HIGH MELTING POINT SYNTHETIC WAXES 
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Chicago 
Scholarships Awarded 
HARRY E. BENNETT 

The Chicago Section of SPE has 
selected Alex John Bart, of Chicago, 
to receive their $2000 scholarship 
award, offered to engineering students 
entering college this Fall. Alex ranked 
third in his class of 655 at the Lane 
Technical High School, Chicago. He 
was one of 2,513 out of 45,548 Nation- 
al Honor Society members who scored 
142 or higher to qualify in the 1959 
National Honor Society scholarship 
finals. Alex will major in chemistry at 
Northwestern University. 


Monterrey, Mexico 


Polystyrene Processes 
JOHN P. BRECKER 

The second regular meeting of this 
new section was held on August 17, 
1959 at the Restaurant “Los Acros.” 
Guest speaker was Alfredo Corella, 
General Manager of “Aislantes Leon”, 
S.A. His subject was The Development 
of the Processes Used for Manufac- 
turing Foamed Polystyrene.” 


Newark 
Injection Molding vs. 


Vacuum Forming 
DAVID L. SAHUD 

A panel discussion on Injection 
Molding versus Vacuum Forming was 
held at the September meeting. Ernest 
E. Moslo, President of Moslo Machin- 
ery Co., Cleveland, Ohio, was panel 
moderator. Other panel members were 
John R. Kent, Monsanto Chemical 
Co., Robert E. Kostur, Comet Indus- 
tries, Frank L. Quinby, W. R. Grace 
& Co., and Edward Rowan, Parkway 
Plastics. 


Rochester 
New Plastic 
JOHN T. BENT 
Dr. Harry Gates, Du Pont, was the 
speaker at the September meeting. 
His subject was Du Pont’s new acetal 
resin, Delrin. Dr. Gates was directly 
involved with the development of this 
new resin, from the initial research 
six years ago to current production 


phases. 


Centra! New York 


Extrudable Teflon 
JAMES R. LAMPMAN 
The Central New York section 
kicked off their new season with a 
dinner-meeting held September 10, 
1959. Speaker for the meeting was 
William N. Brinker, Du Pont. He 
spoke on Teflon resins and particularly 
their new melt extrudable polymer, 


Teflon FEP. 
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POSITIONS OPEN 





P.V.C. Compounder Lab Technician 


Required by a leading Canadian expanded P. V. C. 
foam producer. This is an addition to our staff to meet 
enlarged production operation. 

The successful candidate will have a good knowl- 
edge of all phases of P. V. C. compounding and ex- 
panded closed and open cell formulating in the lab 
ready for the production presses. A desire to move to 
Canada and live in a pleasant village adjacent to 
Metropolitan Toronto. 

Reply giving full details of experience, age, educa- 
tion, martial status and salary expected to: 


Mr. A. G. Hogg 
Robinson Molded Products Limited 
Box 529 
Woodbridge, Ontario, Canada 





EPOXY RESINS 


Market Development Representative 
Chemist 


Continued expansion has created two new positions with this dynam- 
ically growing corporation. 


Market Development Representative— 
Prefer PS to Ph.D. with strong applied plastic riee’e gained 
from Resins laboratory experience and minimum of 2 yrs. in Resin 
Technical Sales or Market Development. For introduction of new 
epoxy resins in casting, laminating, adhesive and coating fields 
in N. Y. area. 


Chemist— 
BS to Ph.D. with minimum of 5 yrs. resin formulation and appli- 
cation experience. Ground-floor opportunity in new applications 
laboratory at Baltimore, Md. ; 
Unlimited opportunity for personal and professional growth. 


Send resumes in confidence to: 
Recruitment Manager 


FOOD MACHINERY & CHEMICAL CORPORATION 


161 East 42nd Street 
New York 17, New York 
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PLASTIC SALES 


For Men Capable in Selling Plastic Raw Materials 
This Is a Major Opportunity 








| 
| | 
| | 
| | 
| | 
| Because of the dynamic growth of our plastics market we | 
need additional sales representatives to cover Midwest terri- 
| tories, calling on molders, extruders, calenderers, and “end | 
| users”. | 
Applicants should have 2 to 7 years experience in field sales 
| or sales technical service in plastics, rubber or allied fields, | 
| and should understand processing techniques. Moving ex- | 
penses paid: car furnished: incentive with salary. 
: E. M. Mills, Personnel Director | 
| | 
| | 
| 
| 





MARBON CHEMICAL 


Division of Borg-Warner 
Box 68, Washington, West Virginia 
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Plastics Laboratory Assistant 


Prefer man with minimum H. S. and some experi- 
ence in thermo plastics. Work entails quality control, 
blends of plastics, color matching and some develop- 
ment work. Permanent, challenging position. State 
experience and salary desired. Mail complete resume 
or apply in person. 

ALPHA CHEMICAL & PLASTICS CORP. 
1 Jabez St., Newark 5, N. J., Tel. MArket 4-4444 





Engineer / Plastics 


Extrusion 
Graduate preferred with mechanical design experience and practical 


knowledge of plastics extrusion field, to be responsible for design and 
development projects. 


Please write describing experience, education, salary re- 
quired, to J. Badonsky, Chief Engr-Extruders 


WALDRON-HARTIG 
Div. of Midland Ross Corp. 
Mountainside, New Jersey 











Plastics Engineer—Product Development 


New position in Product Engineering department. 
Require B.S. Ch. E., M.E. or LE. and broad experi- 
ence in compression, transfer, injection molding, ex- 
trusion, and practical experience with molds, molding 
machines and redesign of metal parts for plastics. 
Excellent opportunity. Salary commensurate with 
ability and experience. Replies acknowledged, con- 
sidered confidential. Please send complete resume to: 

G. H. Share, Salary Administrator 
Carter Carburetor Division of ACF 
Industries, Inc. 

2840 N. Spring Avenue 

St. Louis 7, Missouri 


Reinforced Plastics Technician 
Man required for technical service laboratory, 
Elizabeth, N- J. area. Chemical or chemical engineer- 
ing degree or equivalent, knowledge of polyester 
resins, and broad experience in reinforced plastic 
applications essential. Excellent opportunity in fast 
growing company. Send resume and salary require- 
ments in strict confidence to: 
REICHHOLD CHEMICALS, INC. 
PLASTICS DIVISION 
RCI BUILDING, White Plains, N. Y. 





How to be Popular .... 


What makes a plastics engineer read one ad and pass 
another one up? For one thing, it could be the job. But 
it could be something else. Here are a few tips, which 
if followed, may help you get a bigger return on your 
ad investment. 

1. Sign your company name. Applicants like to 
know the company to which they are writing. 
Blind ads are frustrating and most likely to be 
passed by. 

2. Try to answer all of the questions that are likely 
to enter the man’s mind. 

3. Try to answer all inquiries. It is not fair to the 
applicant or to the industry to ignore them. 
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SITUATIONS WANTED 





Plastics & Rubber In Electronics 


B. Ch. E. with government military electronics 
agency since 1942. Plastics and rubber development 
and application to electrical and mechanical parts, 
including high frequency insulation. Trouble shooting; 
specifications. Work with electronic and mechanical 
engineers on materials selection, product design, and 
fabrication methods. Laboratory and supervisory ex- 
perience in mold design, compression, transfer, and in- 
jection molding; rubber compounding, some plastics- 
filler molding compound development, and test devel- 
opment for materials and parts. About 1 year in 
encapsulating resins and fiberglass reinforced low 
pressure layups. Age 45; family. Prefer New Jersey 
area. Minimum salary $12,000, per year. Reply Box 
6159, SPE Journal, 65 Prospect St., Stamford, Conn. 


Research and Development 


Exceptionally qualified for Research and Develop- 
ment in problems of plastics materials and systems 
using plastics, including material selection, process- 
ing techniques and enduse and reliability testing. 
Eleven years experience including six as supervisor 
of plastics molding and testing laboratory with 
record of proven accomplishment in the solution of 
unusal problems. Experience encompasses injection, 
transfer and compression molding, vacuum forming 
and fabrication of most materials, especially the 
polyolefins, fluorocarbons, diallyl phthalate and 
epoxy resins. Desire supervisory position with a pro- 
gressive company which will provide room for pro- 
fessional growth and advancement. Age 34 with B.E. 
in chemical engineering and graduate work in or- 
ganic chemistry. For detailed resume, reply Box 5859, 
SPE Journal, 65 Prospect St., Stamford, Conn. 


Extrusion Manager 


Over 15 years in extrusion, film, sheet, pipe, bottle 
blowing, etc., vacuum forming, polyolefins others, 
managerial experience. Graduate engineer, under 40, 
publications, patents. Will relocate. $12,500/yr. mini- 
mum. Reply Box 5759, SPE Journal, 65 Prospect St., 
Stamford, Conn. 


Technical Sales Engineer 


College graduate - Thirteen years experience in 
laboratory development and control of rubber and 
vinyl coated fabrics, also extrusions and moldings. 
Also over ten years in the technical sales field, spe- 
cializing in plastisols, primers and enamels. Capable 
of developing equipment and formulations for pro- 
duction of coatings, dipped and molded goods. Would 
consider technical service or manufacturers repre- 
sentative. Reply to Box 6059, SPE Journal, 65 Pros- 
pect St., Stamford, Conn. 


Plastics Plant Manager 


Resourceful manufacturing and engineering execu- 
tive, 10 years experience, all phases of injection 
molding. Proven record of accomplishment in engi- 
neering, manufacturing, planning, purchasing, cost 
reduction. Graduate engineer. Ability to get results. 
Desires challenging position. Reply Box 6459, SPE 
Journal, 65 Prospect St., Stamford, Connecticut. 
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CLASSIFIED RATES 


vertisements during any twelve month period. 


charge: $15.00; per word: $0.50. 


additional charge. 


date of publication. 





“Position Open” and “Position Wanted”—Minimum charge: 
$7.00; per word. $0.25. SPE members in good standing are 
entitled to a total of three no-charge “Position Wanted” ad- 

“Machinery, Equipment, Materials and Services”—Minimum 


All ads include one bold face caption line. Additional caption 
lines at $2.00 extra per line. Boxed ads (four side rules) $2.60 


Last day for inserting ads is the first of the month preceding 
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SIXTEENTH ANNUAL TECHNICAL CONFERENCE 
SOCIETY OF PLASTICS ENGINEERS, INC. 
January 12, 13, 14 and 15, 1960 
THE CONRAD HILTON — CHICAGO, ILLINOIS 


A 
COMPANY REGISTRATION FORM 


COMPANY NAME 


ADDRESS 
CITY STATE 


CLASSIFICATION NO. (see over) REGISTRATION FEE $ 
NAMES OF REPRESENTATIVES: MAILING ADDRESS 


PLEASE TYPE OR PRINT 


Authorized Signature 


Sixteenth Annual Technical Conference 


ENTERTAINMENT SUITE—RESERV ATION ONLY 


DATE 


COMPANY 


STREET 
CITY STATE 


PLEASE RESERVE FOR ARRIVAL ON MON., JAN. 11, 1960: 


One Bedroom Suite 
Two Bedroom Suite 
Three Bedroom Suite 
Studio Twin Room 
Entertainment Room (No Bedroom) 


RATES: Suites From $25.00 
Twin Bedrooms From $13.00 


Authorized Signature 








COMPANY REGISTRATION FEES AS FOLLOWS 


PLEASE SELECT THE CLASSIFICATION NUMBER BEST 
APPLIED TO YOUR COMPANY AND SO INDICATE 
ON THE FRONT SIDE OF THIS CARD 


Company Individuals Included 
No. Classification Fee In Registration Fee 


1 Primary Materials Suppliers $200 8 
2 Allied Chemical Suppliers 100 4 
3 Heavy Machinery Manufacturers 100 4 
4 Light Machinery & Access. Equip. 50 


5 Processors and Allied Misc. Business 25 


SPE 16th ANTEC 
CONFERENCE DATES 


Tuesday thru Friday—January 12, 13, 14 and 15, 1960 


THE CONRAD HILTON 
CHICAGO, ILLINOIS 


RETURN FORM INTACT WITH YOUR REMITTANCE 


Make Registration Checks Payable to “SPE 16th ANTEC” 


MAIL TO: 16th ANTEC Registration 
Society of Plastics Engineers, Inc. 
65 Prospect Street 
Stamford, Connecticut 
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formulations), Gering offers a complete 
range of superior plastic compounds— 
for extrusion and injection molding! 


Write today for the cost-saving facts. 


en teehee: GERING 
Polystyrene + Styrene Copolymers + Acetate - Nylon ~ Acrylic - Butyrate 


Molding Compounds 


GERING PLASTICS division of STUDEBAKER-PACKARD CORP 


Cable Address: GERING TWX Cranford, W. J. 137 enilworth, WN. J. 


Sales Offices: 5143 Diversey Ave., Chicago 39, I!!. + 1115 Larchwood Rd., Mansfield, Ohio + 216 Wild Ave., Cuyahoga Falis, Ohio + 103 Holden St., Holden, Mass. 
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GENERAL ‘$) ELECTRIC 


‘' > 
MODEL T1FYv?7 


New G.E. X-Ray 
Darkroom Light 
has housing made 
of heat-resistant 


MARLEX’ 


This new General Electric Ceiling Safelight 
is designed to give the proper illumination for 
fluoroscopic rooms and for handling photo- 
sensitive materials in X-ray darkrooms. 

G. E. specifications called for a rugged, 
opaque, molded plastic housing that would 
be unbreakable and corrosion-proof. It also 
had to meet Underwriters’ approval. G. E. 
design engineers found that MARLEX rigid 
polyethylene is the least expensive quality 
thermoplastic that meets ail requirements! 

One of the important features of MARLEX 
for this application is its precision mold- 
ability. The tinted acrylic lens has to snap 
into place for a light-tight friction fit, and 
injection moldings of MARLEX can be held 
to the close tolerance required. 

No other type of material serves so well and 
so economically in so many different appli- 


Molded by cations. How can MARLEX serve you? 


Baxter Company, 
Cincinnati, Ohio 


“MARLEX is a trademark for Phillips family of olefin polymers. 


= 
PHILLIPS CHEMICAL COMPANY, Bartlesville, Oklahoma, A subsidiary of Phillips Petroleum Company 


PLASTICS DIVISION OFFICES 
AKRON CHICAGO WESTERN SOUTHERN EXPORT 
TH S. York Street 317 W. Lake Ave. 6010 Sherry Lane 80 Broadway, Suite 2800, 
Elmhurst, Itt Pasadena, Calif. Dallas 25, Texas New York 5, WY. 
TErrace 4-6600 MUrray 1-6997 EMerson 8-1358 Digby 4-3480 


NEW ENGLAND NEW YORK 
322 Waterman Avenue 80 Broadway, Suite 4300 318 Water Street 
East Providence 14, 8.1 New York 5, ¥.Y Akron 8, Ohio 

GEneva 4-7600 Digby 4-3480 FRanklin 6-4126 
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